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TO 

WILLIAM STRUT1% ESQ* F. R. S. 

Dear Sir^ 

Independently of the personal gratification 
it affords me to associate your name with the following pages^ 
there is no one to whom my work could with so much propriety 

ind muni^ 
you stand 
' have un-- 
m for the 
^*^™*' », and all 
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...^ . _ the public 

are entirely due ; and it is with the most lively gratitude that 
I recollect the hours we have passed together^ in discussing the 
philosophical principles on which they are founded. If I 
have been able to add any thing to the suggestions of your 
capacious mind^ or, by entering into their detail, to render 
more useful your valuable discoveries, still I owe this dis'^ 



/ V. 




TO 

WILLIAM STRUTT, ESQ* F. R. S. 

Dear Sir^ 

Independently of the personal gratification 
it affords me to associate your name with the following pages^ 
there is no one to whom my work could with so much propriety 
be inscribed as to yourself, jimong the numerous and muni-- 
ficent patrons of the Derbyshire General Infirmary, you stand 
distinguished^ for the benevolent attention which you have un-- 
remittingly bestowed upon its interests^ no less than for the 
eminent ability displayed by you in the original plan^ and all 
the subsequent arrangements^ which have rendered this insti- 
tution the Just object of general admiration. To the exertions 
of your powerful and well directed intellect, the inventions and 
improvements detailed in the work now submitted to the public 
are entirely due ; and it is with the most lively gratitude that 
I recollect the hours we have passed together^ in discussing the 
philosophical principles on which they are founded. If I 
have been able to add any thing to the suggestions of your 
capacious mind^ or, by entering into their detail,, to render 
more useful your valuable discoveries,, still I owe this diS'^ 
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tinction to the steadiness of your friendship.'^ A friendship 
which has soothed me in aj^iction, cheered me in the hour of 
despondency J assisted me under the pressure of difficulties, 
and encouraged me to persevere in every useful or virtuous 
effort which I have been capable of forming. That you may 
live long^ to confer those benefits on mankind, to which your 
thoughts are unceasingly directed^ and to enjoy in the bosom 
of your interesting family^ the satisfaction arising from the 
consciousness of well intended and successful exertions^ is 
the wish of 

Dear Sir, 
Your very Grateful and Affectionate Friend^ 

CHARLES SYLFESTER. 
Derby, Febrmrif2&ib 1819. 



PREFACE. 



It was during the building* of the Derbyshire 
General Infirmary, in the year 1807, that I had 
the pleasure of first knowing William Strutt, 
Esq. of Derby ; and since that time a constant 
intimacy with that gentleman has been the means 
of directing my attention to the many excel- 
lent inventions introduced by him to that es- 
tablishment. 

The general admiration in which this plaee 
has been held, and the frequent applications that 
have been made from different parts of the king- 
dom, as well as from other countries, with a 
view to be acquainted with its merits, first gave 
rise to the intentien of publishing an account of 
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it. This Work was also intended to embrace 
the general subjects belonging to domestic 
economy ; at least so far as related to the con- 
veniences of dwelling houses. Although most 
of the inventions* for which this institution has 
become so distinguished, were new to the world, 
they all, in some form or other, had been adopted 
in Mr. Strutt's house, and by some of his particular 
friends, so that their success in the large scale of 
the Infirmary was never doubtful. Their utility 
however, is now confirmed by ten years ex- 
perience. 

Those parts of this establishment which are 
the inventions of Mr. Strutt are as follows: 

The warm air Stove and the general arrange- 
ment of flues, and turncaps, for the purpose of 
warming and ventilating the building. This in- 
vention he first made in the year 1792, and im- 
proved it very considerably, as opportunity offer- 
ed, in some years immediately succeeding. 

The Roaster he invented in the year 1797, 
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and: has used it in his own family ever since, for 
roasting meat of every description, and for gen- 
eral baking. It has the rare advantage of being 
of the same heat on all sides. The Steaming 
Table is a contrivance for more conveniently ex- 
posing different bodies to be steamed, than the 
common method. This he invented in the year 
1 807, and has since improved it considerably. 

He contrived another vessel to be heated by 
steam, which is kept constantly full of hot water 
for general purposes. 

The Laundry he invented in 1796 ; and it was 
applied with great success in getting up and 
'finishing stockings, previous to its use foe linen. 
:The Laundry in the Infirmary is a great improve- 
ment upon the original invention, in causing a 
larger quantity of air to pass through the linc»n, 
giving all the effect of exposing it to the open 
air. 

The Washing Ma^chine was adapted by Mr. 
Strutt from the common washing Wheel, used by 
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^i^ch are also applicable to houses in g^eneral ; 
tiiere are, however, many other conveniences in 
this Infirmary contrived by him, at different 
times. 

From a strong conviction of the general utility 
of these inventions, I have, since their successful 
adoption in the Infirmary, given them particular 
attention; and more especially as regards their con- 
struction. I have introduced them to a considera* 
ble extent, as well in private houses, as in public 
rastitutions : particulary the plan of warming and 
ventilating. It will be seen in the course of the 
work, that I have made some improvements in 
the stove ; rendering it much more convenient to 
fix, and to manage in using it. By the same 
alteration, the stoves introduce a much greater 
quantity of fresh air ; affording more complete 
ventilation, and at the same time preventing it$. 
injury by an excess of fire. 

In the Pauper Lunatic Asylum which has been 
built at Wakefield, by Messrs, Watson and Prit* 
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chett. Architects, of York, provision has been made 
for introducing the principal conveniences which 
have been adopted in the Derbyshire Infirmary. 
The whole of the flues, and other preparations, I 
arranged with the Architect, previous to the 
foundation being laid. This has afforded most 
ample means of warming and ventilating the 
whole house, an object of the highest importance 
to such an establishment. 

The Kitchen, Wash-house, Laundry, and other 
domestic conveniences, have also been fitted up 
under my direction. See Appendix. 

The New Jail, at Maidstone, is warmed by five 
stoves, which I have furnished. But the build- 
ing was erected before this plan of warming was 
known to the Architect. The flues are, in conse- 
quence, not so well calculated for its complete 
ventilation, as they might have been. It how- 
ever answers very well. 

The North Staffordshire Infirmary was intend- 
ed to have a preparation for being warmed and 
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ventilated on the same plan ; but from some mis- 
management on the part of the builder, it has 
been introduced to some disadvantage j as well 
as the apparatus of the kiichen, and other con- 
veniences. 

The Nottingham Lunatic Asylum is warmed 
by one stove, which I furnished in 1816. The 
building is of a most inconvenient form for warm- 
ing ; and no provision was made for the purpose. 
The apparatus however succeeds very well ; and 
the ventilation, although tolerable, would have 
been more complete, if flues had been properly 
constructed in the first instance. 

No public buildings are so difficult to warm as 
Churches ; partly from their great capacity, but 
more especially from their lofty ceiling^. Another 
great objection arises from their containing 
graves and vaults, which interfere with the for- 
mation of proper flues for the warm air. As 
ventilation is seldom an object in places of such 
magnitude, I have found it the most economical 
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to dmw the cold air from the Church to be 
warmed, keeping up a constant circulation ; the 
cold air going from the Church to the stoTe, and 
the warm air from the stove to the Church. 

A successful example of this plan will be found 
in the Parish Church at Leek, in Staffordshire, 
which I executed in the year 1816. 

I have introduced these stoves with g^at suc- 
cess into private ^milies ; particularly to warm 
tialh, Staircases, and Passages. To introduce 
it into Rooms would require flues in the walls, 
which should be made when the houses are built. 

The following are a few of the private Stoves 
I have furnished : 

William Strutt, Esq. Derby ; Benjamin Gott, 
Esq. Leeds; Samuel Shore, Esq. Norton, near 
Sheffield ; Sir Moore Disney, Hampstead ; C. H. 
Turner, E^p. Rooksnest, Surry; F. L. Chantrey 
Esq. London < 

If science can really contribute to the happi- 
4iess of mankind, it must be in this department 
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of life, as the real comfort of the majority of 
men, particularly in this country, is sought for at 
their own fire sides. How desirable, therefore, 
does it become, to give men every inducement 
to be at home, by directing all the means of 
philosophy to increase domestic happiness. 



INTRODUCTION. 



XHE end of all philosophical inquiry is, to lessen 
the number of evils to which we are liable, and to in- 
crease the sum of our natural and social enjoyments. 

The striking contrast between man in savage life, and his 
present state of refinement, abundantly shows his capability 
of bettering his condition ; and gives us a lively anticipa- 
tion of what we may still expect from the increase of hu- 
man knowledge. 

When therefore, we recollect that the blessings of life 
can be increased only by a more complete knowledge of tfc z 
objects by which we are surrounded ; we cannot be too zea- 
lous in promoting the means by which such knowledge is to 
be acquired. 

That branch of natural philosophy which has for its ob- 
ject the improvement of domefrtic life, as &r as relates to 
our food, clothing, and local habitations, has lately begun 
to assume a scientific form, under the title of domestic eco*^ 
nomy. Franklin appears to hftve been the first who parti- 
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cularly devoted his attention to this useful inquiry, and had 
lie met with support equal to his talents, and the benevo- 
lence of his views, he could not have failed to have increas* 
ed the comforts of mankind far beyond what he accom- 
plished. 

Count Rumford has devoted a great part of his life to 
this laudable study, and has put the public in possession of 
many useful discoveries, particularly so far as regards the 
economy of food and fire, on which subjects much benefi- 
cial knowledge is to* be obtained from his valuable essays. 

We have not yet any work which embraces all the advan- 
tages to be derived from science, when applied to domestic 
economy, although it is not difiicult to foresee that this de- 
partment of philosophy must become the most popular qf 
all others, because every class of human beings is interested 
in its results. 

The habitations of man from the humble cottage to the 
superb palace, have hitherto been constructed without any 
regard to the best principles for afibrding the greatest com- 
fort to their inhabitants. The architect seldom aims at 
more than the perfection of just proportions in the exterior, 
while those who furnish and decorate the interior^ are anx- 
ious only about the taste and fashion of things, by which 
they are rendered rather incumbrances than objects of con- 
venience and utility. 

.Hence we see the necessity of the architect being ac- 
quainted with all the principles of science connected with 
domestic life. In the first place he should be able to appre- 
II . ciate the relative value of situations, embracing the advan- 

tages of agreeable prospects^ good air, and pure water. Tbtc 
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mature of the materials of which a house is built is of great 
importance, the architect ought therefore to be acquainted 
with their chemical qualities, to know how far they will be 
acted upon by the weather, independently of their fitness 
for architectural beauty and durability ; the form and ar- 
rangement of the rooms also, is an object requiring much 
consideration, in order to their being warmed and ventilat- 
ed with the greatest facility possible. 

All the apparatus and machinery for warming and ven* 
tilating the apartments, for washing and drying linen^ and 
for culinary purposes, should be represented in the original 
drawings of the buildings, in order to their being adapt-- 
ed in the best manner to their desired end. 
• For these purposes a variety of tunnels and cavities is re- 
quired to be made in the foundation, which cannot be so 
properly made after the building is erected. 

The air which is to ventilate the rooms, should be admit- 
ted through culverts under ground, in order that such air 
may be warmed in winter, and cooled in the summer. This 
would prevent those chilling currents of cold air now ad- 
mitted by the doors and windows in wintCT, and the insuf- 
ferable heat which we experience in summer on opening the 
windows with the view of cooling the room. 

The situation of a building is very material on several ac- 
counts. The water with which it is to be supplied^ should 
be examined in a chemical point of view, and also as to the 
quantity which the spring is capable of supplying perma^ 
nently. High situations have been thought the most healthy 
from the idea of the air being purer ii\ proportion to the 
elevation ei^oyed. 
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Before the improvement in gaseous chemistry, the rela- 
tive value of situation so far as regarded the purity of the 
air, was considered as of the utmost importance ; those 
matters in the atmosphere which were deemed delete- 
rious, were supposed to occupy the lowest situations, and 
it became a prevailing custom to build houses on the 
highest ground, for the sake of breathing a purer atmos- 
phere. After the discovery oi carbonic acid and oxygen, 
these prejudices were for sometime strengthened ; unguided 
hy experiments, and mis]^ by hypothesis, it was concluded 
thAt the air of large towns, from the constant formatioo 
of carbonic acid, at the expence of the oxy^n, ought to be 
highly contaminated. Experiments however, the onky test 
of truth, soon discovered that the carbonic acid and the ox- 
3^n vrere in the same proportions to the rest ot the air, in 
the middle of the largest town, and in the open air. Gaty 
Lusac found that the air 5000 toises above the surface of 
the earth, exactly agreed in its analysb with the air in the 
middle of Paris. The only way in which we can account 
for the relative advantage of high and. low situations, is from 
the relative quantity oi moisture in those ^uationa ; val- 
lies are much warmer than higli mountains, and also undct' 
go greater transitions from heat to cold ; during the warmth 
of the day much, moisture is taken up into the atmosphere,. 
in consequenos of the increased temperature which is depo- 
sited in the night. When the atmosphere of confined and, 
low situa^ons is thus chai^d with an excess of moisture, 
and is not carried off by the winds with the same facility, aa. 
in open utuations ; the inhabitants of such, a place must in, 
general breathe more than an ordinary quantiiijt of aqueous 
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vapour. This is hurtful in two ways ; viz. they do not in- 
spire the same quantity of oxygen, by the bulk of the 
aqueous vapour, there is also a defective expiration of mois- 
ture from the lungs. 

Very elevated situations have also their inconveniences ; 
they are cold in a certain proportion to their height ; the 
tops of hills of a moderate height, will be found colder 
by some degrees than the vallies below. The Alps and other 
high mountains merely trom their elevation, are constantly 
capped with snow. Hence we may conclude that situations 
of a moderate height, are most fit for the habitation of man, 

i 

The most bleak and chilling situation may be much 
ameliorated by planting, so as to shelter it from (he colder 
winds, and by cultivating the soil around it, for the earth 
becomes warmed in an increased degree, by the action of 
the suns rays upon it ; and this is the only means of warm* 
ing the air of the atmosphere. It is from this circumstance, 
that climates become milder b\' cultivation, as has been pro- 
ved in the history of civilized countries. 

In several points of view the materials of a building is a 
subject of some importance. In the first place the walls 
exposed to the air, should consist of the worst conductors 
of heat. Their aggregation should be quite equal to the 

superincumbent stress. They should not be acted upon by • ^ 

air or moisture, and should be incombustible. When stone 
is employed, it should be such as has been known to bear 
the action of air and water, for a considerable length of time. 

Stones which are acted upon by the air, owe their perish- 
ability to several causes. Some stones crumble to powder 
when exposed to the air or moisture, although their indura* 

c 
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tion is considerable when taken out of the earth, this is 
generally the case with such as abound with an excess of 
clay (alutnine,) The great affinity which that earth has for 
water, induces an absorption of moisture from the air, by 
^hich the volume (or bulk) of the stone tends to increase, 
and the aggregation is destroyed by ihe distending force 
of the water. 

Other stones lose much of their aggregation by the loss 
of water, this is the case with s6me marbles, and the 
crystallized carbonats of lime, and with other stones whieh 
are composed of an acid and earth combined with water, 
which water by chymists is called water of crj^stallitetion. 
The difference between marble and common chalk, consists 
in the latter having lost its water of cfyistallization. Those 
varieties of lime stone which are perishable by time, doubt* 
less owe their reduction to this cause. All lime stones 
placed in situations where an excess of carboftic acid and 
w^ter is present, will become slowly dissolrted; atid the 
matter thus carried off in the state of su percarbonate of 
lime will be deposited in stoney masses, called petrifactions 
when their formation is rapid, and stalactite when the 
aggregation is more perfect. No variety of gypsum is 
permanent in water, because this saline compound is soluble 
in about 5oo times its weight of water. It is however very 
durable when kept dry. Another kind of stone used in 
building, is destructible from its want of solidity and com- 
pactness. It mechanically absorbs moisture, which frequently 
though gradually destroys its aggregation, and this change 
isi much facilitated by freezing. For in this instance water 
suddenly incralses in volume^ and sometimes breaks the 
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stone ivith an explosion ; it howcfter more gcnecally causes 
its reduction bj gradually cmmbling .from the exterior 
during a thaw. Stones consistiz^ principaUjr of silex^ of 
which the millstone grit is an instance^ are the most dutrable, 
^hen they are suffioiently indurated to be impermeable to 
water. 

No material used in buildings has stood the test of time 
like bricks as is evinced in the remains of the triumphal 
arches of the Romans. It possesses many other advantages 
over the best stones. It is a worse conductor of heat ; 
mortar adheres more firmly to it> and in some instances 
absolutely penetrates it. It absorbs moisture with great 
facility, and hence prevents the dampness of walls during 
those atmospheric changes, when moisture is often deposited 
upon them. The choice of clay of which bricks are formed 
is a matter of great importance. Some bricks are seen to 
decay rapidly when exposed to the air. This decay is gene- 
rally accompanied with a white efflorescence which is found 
chiefly to consist of sulphat o£ magnesia. When clay 
abounds with magnesia and pyrites, which is frequently the 
case, the salt above mentioned is formed and effloresces upon 
the bricks^ It is during this process that their aggregation 
is destroyed. 

The most important of the modem discoveries,^ is the 
means of rendering buildings fire proof by substituting iron 
and brick in the place of wood. The utility and practicabi- 
lity of this invention has been fully evinced in the erection 
of cotton mills.* 

* Large pablic builduiga were fonaerly greeted with ceilings or roal 
ef slone^ of which King's College Cbapd^ in Cambridge, is a|i eoaiiicttii 
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\ The greatest defect in the construction of dwelling houses^ 
public buildings and manufactories, is observable in the 
means of warming and ventilating them. Notwithstanding 
the boasted comforts of an Englishman's fire- side, we see it 
accompanied with evils, which loudly call for remedy. The 
common construction of fire places, and the means of ad- 
mitting air into the rooms, is quite sufficient to convince us 



instance. — But sucb buildings are very uncommon, very expensive, arc* 
the principle upon which (hey are consfructed h not at ail adapted for tlu* 
common purposes of life. The infinite advantage to be derived from houses 
and other buildings indistructible by fire, may be estimated by Considering 
the dreadful destruction of persons and property, which is almost daily 
taking place in every part of the kingdom, but particularly in London. 
Although the improvement in que$tion, has been made more than twem> 
years, it seems to have extended no farther at present, than to those cases, 
where the prop^ctors of the building to be made fire proof, have been 
themselves able to direct, and be responsible for the proper construction of 
the building. 

The first fire proof mill that was ever constructed, was built by Mr. W. 
Strutt, oi Derby, in the year 1792; this building is 115 feet by SO wide, 
and six stories high, and forms at present but a small portion of the build- 
ings erected by himself and partners on the same principle. At Shrewsbury, 
Manchester, and some other places, also, immense buildings have since been 
similarly constructed, which completely answer the intention. The plan 
has been applied to small houses, stables, &c. It is eligible with some 
variations for the most superb mansions, as is exemplified in the spherical 
arches over the large baths at the Infirmary in Derby. This subject has 
hitherto received so small a share of attention, that it is probable the histo- 
rians of the next century may instance our building houses, that may be burnt 
down, as a proof of our little progress in civilization ; just as we now do the 
practice of former times, when houses were warmed* by making fires in the 
middle of the room. Were the Derbyshire Infirmary now to be erected, 
It would probably be done wittiout any wood being used in its construction ; 
and without even iron pillars and beams. 
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that these principles have never been investigated in a philo* 
sophical point ot view. 

When a house is built, a tunnel is made from each room, 
for the escape of smoke and vapour, the greatest part of 
which ought to be consumed. This is also a channel for the 
escape of the air of the room, which cannot be replaced, 
but by the cold air from the atmosphere ; for the entrance of 
which no provision is made, except by the accidental crevices 
formed by the shrinking of the wood, forming the doors 
and windows. 

The evils resulting from these defects are, first, those 
sitting before a good fire are scorched on one side, and 
chilled by the cold air on the other ; secondly, the cold air 
entering the chimney without passing through the fire des- 
troys its draught, and renders the combustion ot the fuel so 
imperfect, that a considerable portion passes away unburned, 
or comes into the room in the form of smoke, producing 
the greatest of domestic evils. That which goes out of the 
top of the chimney, annoys the neighbourhood. And that 
which adheres to its sides, would soon entirely stop the 
chimney funnel, if not removed by means, in the greatest 
degree degrading to human nature. 

None of these evils need now exist, especially in houses 
yet to be erected. The combustion of coal may be now 
rendered complete, not producing the least - smoke, and at 
the same time avoiding the nuisance of ashes from the grate. 

Instead of the annoyance of cold air, which comes into 
the rooms by the doors and windows, a current of warm 
air at any desired temperature, may be made to escape at 
tlie same aperture in a contrary direction. The air whii^h 
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supplies the room, should enter at the ceiling over the fire 
place. This air, in winter, should first be warmed bj pas- 
sing along a culvert undei^ound, and the additional heat 
given to it by a stove which we shall hereafter describe. 
In summer the air may either be admitted immediately from 
the atmosphere through the same passages, or undei^round 
when the weather is very hot. 

That branch of domestic economy devoted to the prepa- 
ration of food, bas not till the time of Count Rumford, been 
considered in a scientific point of view. Nothing can be 
Aiore preposterous and unappropriate than the prevailing 
construction and management of a gentleman's kitchen. Be- 
fore the discovery of the stew hearth, all the culinary pro- 
cesses were carried on with one immense open grate, 
baming as much fiiel in one day as might do the same work 
for ten. The cook and the furniture of the kitchen get a 
proportion of this heat, the articles to be dressed another 
portion, but by for the greatest quantity goes up the chim- 
ney. 

The introduction of the stew hearth has in some degree 
reduced the magnitude of these grates, but they are yet 
disgraceful to science and common sense. 

In the present state of culinary improvement, a kitchen 
may be fitted up with apparatus, requiring much less labour 
and attention, with much less consumption of fuel ; render- 
ing the food mot% wholesome and agreeable, and also pre- 
venting that offensive smell which has made it so often 
necessary to detach the kitchen from the rest of the house. 

Most of these improvements will be particularized in des- 
cribing the kitchen of the Derbyshire Infirmary. 
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That branch of domestic economy which has for its object 
the virtue of cleanliness^ is by no means beneath the atten- 
tion of the philosopher. The disagreeable labour attending 
it, is so great a draw back upon its performance, that every 
contrivance by which this object may be attained with the 
least manual labour, will be deserving of encouragement. 
This more particularly relates to the washing and getting up 
of clothes, and is confined to the business of the wash house 
and laundry. Every wash house should be furnished with 
hard and soft water, by pipes, and with other pipes to con- 
vey steam, so as to render fire places unnecessary. The wash- 
ing should be performed by a machine, much more fitted for 
extricating the dirt than the hands of the washer woman, 
and at a much higher temperature than she can bear. 

The vessels employed should be provided with stop cocks 
for steam and cold water, so as to avoid the labour and 
inconvenience of lading and pouring. 

The laundry should be provided with a hot closet, through 
which a current of hot air is constantly passing, from a stove 
which also heats the irons. TfSbt clothes should be dried 

■ • 

by the warm air, which will as perfectly preserve the 
whiteness of the linen, as if dried in the open air. 

Having pointed out some of the most important objects 
in domestic economy ; 1 shall next proceed to describe how 
fer these improvements have been realized in the Derby- 
shire General Infirmary. This description will be accompa.- 
nied with observations and notes, shewing the adaptation of 
the various improvements to private houses, manufactories, 
churches^ and other public buildings. 
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^V^HEN the erection of this building had been finally 
agreed upon ; a committee was appointed to fix upon 
the most eligible situation, to purchase land, and according 
to the usual custom to advertise for plans. The advertise- 
ment pointed out the objects which the plan should embrace, 
which were as follows ; that the building should be of stone ; 
that it should contain fever wards, having a separate en- 
trance, as far removed from the principal entrance as possi- 
ble ; that therediould be convenient access to every side of 
the building ; tnat the fcfVer watds should contain 1 2 beds; 
and the whole 80 beds at least ; and that besides the usual 
conveniences of an hospital, it should have two day rooms 
for convalescent patients. In consequence of this advertise- 
ment a considerable number of plans were sent ; none of 
these however answered the expectation of the committee, 
nor was any of them either wholly or partially adopted. 
Agreeably to the promise held out in the advertisement, 
the author of the best of these plans^ which was Mr. Rostern 
of York, received a premium of 20 guineas. 
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To secure the objects which the committee had thought 
desireable in such an institution, they undertook themselves 
the task of making the plan tor the Infirmary ; from which 
design Mr. Samuel fifown, then practicing as a drawing 
master in the county, and as it afterwards appeared, well 
versed in architectural drawing, was employed to make all 
the necessary drawings and working plans. These being 
approved and adopted at a general meeting of the subscri- 
bers ; a wooden model on the scale of an inch to a foot, was 
ordered to be made under the direction of Mr. Brown, 
which was well and neatly executed, with a cast iron dome, 
deMgned by himself ; this also was highly approved of, and 
tbr model was fowod particidarly uaefiil to the workmen in 
the erection of the building. 

The scite of the Derbyshire Infirmary, is on the soutb 
side of the Town of Detby, a somll distance from the Lon* 
don it9ad. The binlding from its elegance and magnitude^ 
and from the great taste with which its grounds are laid out^ 
h9& rendered that entrance into the Town, particularly 
strikk^ and agreeable. 

The frontispiece of this work, m a perspective view of the 
building, and is a faithful portrait of its north east aspect. 

It consists of three stories ; the basement story being a lit- 
tle sunk and surrounded by an area. The middle and princi- 
pal story is a little elevated ; it is approached by steps and a 
portico, supported by four doric pillars, of the same stone 
as that of which the walls of the building are formed, 
which is a hard compact millstone grit, of an agreeable 
colour. The upper story is approached by a stair case lead- 
ing from a spacious hall in the middle of the buildings 
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whicb is Hghted hy seirecal skylights placed in the dome 
oTer the ball in the centre ; this staircase as will be seen in 
the plans in plate Qy terminates m a gallery surroonding the 
interior of the faall on three of its sides. Thds and the other 
stories, with the difierent rooraa wiU be seen in the plans 
abcrve nentioned ; in which the use of every room i% 
pointed out^ so as to render a general description unneces- 
sary. Ev«ry thing which may require a particular descrip- 
tion in the difierent stories^ will be giren separately. 

Tbia bwlding is <^ a* cubical form ; the central part being 
the hall into which the doors of the rooms open. The roof 
of the central part is drawn into a conical form^ terminating 
in a dome containing six windows^ which completely illumi*^ 
nate the hall from the floor of the principal story upwards^ 
The roof of the surrounding rooms ia separate from that of 
the central part^ the sloping sides of which terminate in a 
gutter which surrounds the central roof. Within this central 
part is dso an outlet provided with a tumcap^ for the escape 
of foul air by flues communicating with every room appro- 
priated for the patients. It may be proper here to mention 
that the gutter which receives the .water from the dome and 
the surrounding roof, has a contrivance to obviate the evils 
attendant on the gutters being filled with snow and ice ; 
this is eflected by covering the gutters with slates elevated 
by wood slips of about two inches square, with sufficient 
space between the ends of the slates^ for the water of the 
melted snow to drain into the gutter and run ofl\ The great 
. inconvenience of removing the snow on those occasions,, 
however deep it may be, is by this means entirely removed. 
The turncap above mentioned would of itself insure a; 
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certain degree of ventilation to the rooms : it is however 
strongly aided in this efiect by a similar turn cap, a short 
distance from the building, communicating with it by a 
subterraneous culvert; the opening from the former one, 
is by the power of a vane presented in a direction op- 
posite to the wind ; while the latter is by a similar con- 
trivance always turned to the wind. These being both 
connected with all the rooms occupied by the patients, a 
current of air is constantly passing through the same. The 
operation of these we shall have occasion particularly to 
describe, when speaking of the warming department ; 
independently however of any means of warming, such a 
contrivance for ventilating, would be found an acquisition 
highly important. 

During the process of building the Infirmary, great credit 
was due to the committee and the different managers 
eipployed. It often happens on these occasions, that many 
of the materials are either stolen or wantonly destroyed ; 
and many instances have happened of buildings being des- 
troyed by fire, before they have been finished, chiefly owing 
to the carelesncss of workmen. Evils of this kind were 
prevented by employing watchmen, who were bound to do 
their duty. 

* Nearly twenty years before this period, W. Strutt, Esq. 
who was one of the committee, had invented a curious 
watch- clock, which I am sorry to say has not yet got into 

* This piece of mechanism is so truly simple and ingenious, that although 
a little foreign to our subject vfe have given an engraying of it in Plate VIL 
Figures S, 3, 4, and 5. Fig. 5 is a front vicvr of the face of the clock ; 
the movements are the same as those to produce the motion of the index of 
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general use, notwithstanding its superiority over every 
other contrivance yet offered to the public. This is probably 
owing to no account of it having been hitherto published. 

One of these clocks was put up on the spot, and was 
used every night till the building was finished. 

It is not here intended to enter into the history of the 
building; but merely to state such particulars as are not 
commonly practiced. In describing what is permanently 
established in this Infirmary, we shall begin with the base- 
ment story, taking the different objects as they occur, and 
proceed in succession to the stories above. 

a common clock, to show the hour. Instead of the hour index, the part F 
turns round in twelve hours, Carrying wtth it the figures which pass the 
fijLed index /, and thus point dUt th6 hoUh Fig. S showi the interior of 
the paUt Fy aeen in the other Bg^eu .The pins P, ptiss through holes in tW6 
concentric rings, and all point to the centre. These pins are stopt when 
down by the concentric part of ihe snail 5. Under each pin is a fine brass 
spring, as seen at p, Fig; 4, which k a side section of Pig. S. llie mail 
S is fi±ed while the part Fj whieh contains iht pins retroltds. It will 
iheitfone be easy to see that the pins^ by tbeit ends moving up<m the ilmiif, 
will be forced out when they come in succession to the exentric part at S. 
At this point the pin is pushed out to its full extent, and immediately after 
comes to the index /, under the end of the leVer Z/, seen in Fig^ S. By the 
action of the wire Wy which works the crank, the lever forces down tho 
pin at p. The spiral spring S, brings th9 lever to its former position. li 
wiH be easily conceived that if the pin by the motion of the dial, passes be- 
yond the lever before the pull is made« that it cannot be afiterwards put 
down, till it has made another revolution^ and will become a oertain evi- 
dence of the watchman's inattention, and abo point out the time of hii 
neglect. The dial and the whole face of the clock is inclosed in a glass 
case, and may be otherwise inaccessible to the person who attends it. 

This clock is made by Mr. Whitehurst of Derby, who has added to 
it a very valuable improvement. It will be seen rron> our description thai 
if a number of rooms or places are to be visited by the watobmani 

C 
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liustmtnt dtor^. 



The descent to this story is by steps under the portico of 
the principal story, as may be perceived in the perspec- 
tive view. 



In the plan of this story will be seen the baths ta 
the right and left of the entrance ; these baths are open to the 
public, and produce a considerable revenue to the chari^* 
They are warmed by steam ; that o^ the left is kept at 84". 
That on the right at the temperature of 02". In all other 
respects they are perfectly similar. The superficial area of 
the bottom of each bath is i 02 square feet ; this at 5 feet ia 
depth will hold 8lo cubic feet, or 486o gallons of water. 

it would require a similar clock in erery place^ nrhicb in some establishments, 
would be very expensire. The improvement made by Mr. Whiteburst^ 
consists of a piece of machinery attached to the clocks which is connected 
by wires with every room. The watchman is therefore obliged to go to 
every room, and always in the same order of succession ; the pull of the 
first wire prepares the second to be pulled, the second prepares the thirds 
the third the fourth, and so on to the last which pushes down the pin. The 
pins are at a distance from each other, requiring attendance every quarter 
of an hour ; buf these might be made to any other intervals. If ior instance 
a certain walk or round is pointed out for the watchman, there may in its. 
course be required any number of pulls, and these points to be in situations 
where his attention is particularly required ; so that the number of pins, (a 
give the intervals of time^ will vary with local circumstances. 
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A small stream of water is constantly running into them in 
the day time. The boiler of the steam engine supplies them 
with steam^ through one pipe for each, l inch in diameter ; 
this pipe terminates in a larger pipe, carried quite round the 
bottom of the bath, and concealed in a recess in the wall, 
covered by a thin stone plinth ; the bottom of this plinth is 
perforated with small semicircular arches, the top being placed 
about half an inch from the wall, to allow the water of the 
bath to circulate freely in contact with the outside of the 
large pipe. These pipes are about 4 inches in diameter, 
and must be of cast iron, since from the vacuum formed 
by condensation, they would be liable to collapse, or other- 
wise to burst. If one of these baths were filled to the depth of 
five feet in water at 32°, and were required to be raised to the 
temperature of 06% it would demand for that purpose 304 
gallons of water in the form of steam ; which will consume 
about 5(ilbs. of Newcastle coal. This mass of water if the 
door be kept closed, would cool in the course of twenty-four 
hours, about four degrees^ and would require to keep up the 
temperature a daily supply of coal a little exceeding three 
pounds. If this water were entirely to be changed once in 
fourteen days, by a givea aUjustage of the outlet and inlet ; 
then the annual consumption of coal, would be one ton, sup- 
posing the bath to be constantly kept up at o6'*, and the water 
supplied at 32'*, but as this is less than the average tempera- 
ture, this estimate will be quite sufficient. These are facts 
derived from experiments by observing the times of cooling. 
The calculation for the fuel is taken from the economy of. 
Bolton and Watts*, Steam Engines. 
The sides of the baths here described are coated with. 
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glazed tiles, which gives to the water an agreeable appear- 
ance. The condensation which is constantly taking place 
on the walls and door, does not admit of the presence of 
wood, which would very soon decay. The door entering the 
bath is made of thick shistus slate, and the jambs are wood 
plated with copper ; the window frames are of iron fkccd 
with copper. 

The walls are covered with roman cement, and the ceil- 
ing is formed of earthenware pots of a cylindrical form, 
about five inches in diameter, and the same in depth. They 
are made to form a spherical arch, the axis of each cylinder 
pointing to the centre of the sphere. This arch is particu- 
larly light, and little less in strength than if the cylinders 
were of solid brick. 

These baths are kept constantly at the temperatures 
above mentioned, and are considered as a great public acco- 
modation. A single bathing is charged two shillings ; but 
twenty tickets transferable to the members of the same 
family may be purchased for twenty shillings. 



Sbttam fEttftine anv SKarmf ng Stobe. 



On the opposite side of this story is the warming stove and 
the steam engine. The latter is of one horse power, an excel- 
lent piece of workmanship, executed by Mr. Fox of Derby. 
The boiler is of a size suitable to a six horse engine, in order 
to furnish steam to the kitchen, the public baths, the wash 
house, salt bath, &c. The steam engine works a forcing 
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pump, which raises water from a well to a cistern at the 
top of the building, from which the house is supplied with 
cold water. It also gives motion to a horizontal shaft com- 
municating with the wash house, and turns the washing 
machine. The fire places F and G (plate VI 11.) of the steam 
engine and warming stove are contiguous, for the conveni- 
ence of superintending the fires ; both of which are managed 
bjr the porter, who also attends to the baths. 

The stove occupies a small room called the stove room, 
with which the cold air culvert communicates ; the fire 
place F in front, having no communication with the part 
where the air enters the stove. The recesses 29 and ZO^ 
contain coal for supplying the fires, which is taken from 
the holes A, A, with a shovel, the bottoms of the recesses 
being inclined to the same. 



Stjircrqrtion of fbt 8Barmf ng ^tobe. 



Plate the l st Fig 2, is a plan of the stove. Plate the 2nd. 
Fig. 1 , an elevation viewed from the left side. Plate the 
7th. Fig. 1 , is another elevation viewed from the back of 
the stove. The section of the plan in Plate the l st. is taken 
at the height S, S, as seen in Plate 2nd. The elevation (Plate 
2nd.) is a section, cut by a plane passing through the middle 
of the stove perpendicular to the front. The elevation (Plate 
the 7th.) is a section cut by a plane, parallel to the front, 
passing through the line Q, O, Plate l • The saioe parts 

D 
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tisiMe in ^U the 6i£ievtht vieWB dxt marked with the same 
l^tteils. 

Th6 S€(aBit d, A, iik Hate IM. cMitaiiit all the parts for 
Watttting Ihe <df^ the Wall W^ W^ W^ and G, G, G, scnr- 
ihg tnetely to stipport the arched cavity called the air 
eh^mber^ aife teen in Plate 2nd. jL is a hopper shaped fire 
place ; ty 6, the beaters for the fire bars ; a, a^ a, b, ib^l 
frame containing a i^liding plate to let out the dndors and 
<>t}m* fef\ite ; F is a hollow four sided funnel of t»st metal, 
thlled the feeder or mouth piece^ through wluch the fud is 
iiitrodu^ed. A Section of this is seen in Plate 2, and in 
Plate 1 , it may be seen in dotted lines. The part P> is an 
firehed cavity in the wall in order to get nearer to the fire, 
and lessen the length of the feeder. Over this fire place is 
placed a vessel with the mouth downwards^ with a broad 
flange f, f, (Plate 2,) covering the smoke flue. This vessel 
is called the cockle, made of wrought iron, and rivetted 
together in the manner xjf ^Hktdon ehgine boilers. 

The upper part of the cockle terminates in cross arches 
forming a groin. The thickness of the iron should not be less 
than 3-l6ths. of an inch. 

On the right and lefl of the fire place, is a bar of cast 
iroh /, 1, (Plate i ;) between each of these bars, and the 
sides of the cockle is a narrow opening, not more than half 
an inch wide ; this immediately communicates with the 
flue tahder the flange of the Cockle, and is for the purpose 
of conveying the smoke into the flue, and from thence into 
the chimney ; the smoke is made to pass ofi^ at this level, in 
order that the hot vapour may have parted with the greatest 
pbWfen t)f its heat, while confined in the upper part of the* 
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cockle. Its Specific gravity increases as it cools, until it 
passes off at the bottom. It will be easily imagined that 
this narrow opening would be liable to be filled with soot, 
ashes, &c. this is prevented by the rakes R, R, which slide 
in sockets rivetted to the cockle. At the end of each rake 
is a projecting piece e, e, Plate l , which fits the opening 
above mentioned. Every time the fire is mended, the rakes 
are drawn out and returned, which has the efiect of keeping 
the passage free. This opening is quite sufficient to keep 
up a vigorous fire, and does not allow the heat to pass away 
by the chimney, which is too often the case. The side flues 
communicate with the back flue, and the smoke passes to 
the chimney in the wall fF, Q. Above this flue, and over 
the flange of the cockle is a cavity immediately surrounding 
the latter, measuring eight inches from the surface of the 
cockle to the brick work B, B, jB, which runs parallel 
with the sides of the same, up to D, and then terminates 
in a groin, concentric with the groin of the cockle. 

On the four sides of the wall £, are holes left in the 
brick, opposite to the side of the cockle as seen at B, in 
Plate 7 ; these holes are continued within three quarters of 
an inch of the cockle, by the square tubes /, f , of sheet 
iron or earthenware, as seen in Plates i and 2. Hiese 
apertures are for the admission of cold air, the tubes serving 
to bring the whole of titie air into close contact with the hot 
surface before it can enter the cavity between the cockle and 
the wall. The air which has by this means been heatedj, 
now rises into the superior cavity between the gpoins, but 
it will be evident that before it can pass oat at the openings 
through the brick groin, it wiU form various eddies^, fire^ 



12 0£N£RAL DERBTSHIRB INFIRMARY. 

quently striking the cockle, and at length enters the mouth 
of the iron tubes, which like those below are within three 
quarters of an inch of the cockle. It now enters the hot 
air chamber having acquired its fuU heat ; and rises through 
the hot air funnel to be disposed of as we shall afterwards 
explain. 

After the walls B, B, B, B, and G, G, are raised to D, 
the walls fF, W, W^ being the walls of the room, which if 
wanting, would be supplied with the walls similar to 
G, G, G. The interior and exterior walls are connected by 
the large stones D, D, going quite round. These stones 
have the effect of cutting off* the communication between 
the atmosphere and the hot air chamber, so that the cold 
air is constrained to enter at the apertures below D, and to 
escape through those above D, into the hot air chamber. 
From the back of the stove are two openings «, 5, Plate 7, into 
the back flues, and opposite to the ends ot the side flues 
JE, JS. These are filled up by stone plugs with iron rings, 
by which they may be taken out at any time for the purpose 
of cleaning the flues, which from their horizontal position, 
would in time be filled with ashes. It is essential to the 
principle of this stove, that it should be placed considerably 
below the room to be warmed ; from fifteen to twenty or 
even thirty feet is desirable where it can be obtained ; rec^:- 
oning from the bottom of the air chamber upwards. This 
necessity will be evident, since the velocity of the heated air 
is as its temperature, and as the square root of the height. 

It is better to heat a large quantity of air, through a small 
number of degrees, than the contrary. Hence the necessity 
of a rapid current ; since the quantity of air which passes 
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through the stove^ w9i be as the velocity ; the aperture 
being the eainc^ the cockle becomes hotter^ and a similar 
quantity of air will be heated to a greater extent. The limit 
of this will be in act allowing the cockle to be much 
more than 280*^. 

If the air be heated too hot, it has a tendency to injure 
the materials of which the dues are formed. It is also heated 
with less economy, since the smoke will pass away at a 
higher temperature. From these facts we come to the 
following conclusion ; that in order to keep rooms at a given 
degree above the common temperature, a certain quantity 
of caloric or matter of heat must be supplied in a given 
time, so that this supply maybe just equal to that carried 
off by the foul air chimney, and the conducting power 
of the walls, window, &c. 

In this method of warming rooma^ the air is made the 

» 

medium of vehicle for supjJjring caloric. The quantity of 
caloric will be as the quantity of coal or other fuel consumed. 
But since the heat of the codkle and the air when heated 
should not vary much, from what has been before stated ; it 
will be evident that in adapting stoves for diferent magni- 
tudes of space to be warmed, the effect must be varied by 
varying the surface of the cockfe, and the altitude of the 
column, or the length of the air funnel. 

It appears from an experiment made with the stove above 
described^ that lib. of coal will rais^ 50S5 cubic feet, or 3dQ 
lbs. of air through 5Q degrees, which will be adequate . to 
lib. of coal rising 2000olb8. of air one degree. By a recent 
experiment made with a portable stove on the same principle, 
but with some advanti^ in the comtruGtion, I have found 

£ 
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that lib. of coal is capable of raising 2240olbs. of air one 
degree. These experiments show the economy with which 
diflerent stoves operate ; but they do not give us any definite 
idea of the ultimate efiect of the heated air, in raising and 
keeping up the temperature of the apartments to be warmed. 
The experiment last mentioned was conducted with the ad- 
ditional view of ascertaining this particular fact 

The cockle of this portable stove is 1 8 inches square at 
the base^ and its sides run parallel two feet high ; it then 
terminates in a groin^ the altitude of which is one foot^ so 
that the whole height of the cockle from the middle of the 
base to the apex is 86 inches. The fire place is hopper 
shaped^ 1 1 inches square at the top^ inside measure^ ^ inches 
square at the bottom, and 8 inches deep. By keeping a fire 
in it burning for twelve hours^ it consumed Golbs. of coal, 
and raised 344 600 cubic feet of air through 50 degrees. 
The capacity of the room was 4500 cubic feet, and its 
average excess of temperature above the atmosphere, was 2 1 
degrees of Fahr. It appears therefore from the data, that 
by burning Oolbs. of coal in twelve hours, a space of 4 A 00 
cubic feet was kept 21° above the atmosphere. More or less 
might have been burned, producing a proportionate e^ct. 

This room was not joined to any dwelling house, and had 
not had any fire in it for some time. A very different result 
would be found to take place if the stove was continued in 
action every day. As a proof of this we shall give the result 
of some observations made at one of the Cotton Mills, of 
Messrs. Strutt, at Belper. The stove is of a construction 
very similar to that already described in the Infirmary ; but 
does not contain so many tubes in the same surface of the 
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cockle, which is not in its favour. This stove warms a space 
of 266247 cubic feet, the rooms are 9 feet high. The 
observations were made morning and evening for four days. 
The average temperature of the air during the time was .35^ 
The average temperature of the rooms the whole time was 
60''. The coal consumed during the time was I474lbs. 
which is nearly I84lbs. in 12 hours. It should be remem- 
bered that the lamps burned in the evening and morning, and 
the necessary presence of a number of persons would con- 
tribute something to the heat. The latter was however only 
during the working hours, which were but twelve out of 
the twenty-four, although the heat was kept up in the night. 

The purity of the air in this mUl, was strikingly different 
from that experienced in Cotton Mills, heated by steam, 
owing to the want of ventilation in the latter, for which 
no provision is made. 

When however we find that heating by steam, falls very 
short of the warm air method now described, in point of 
economy, and exceeds it greatly in original cost ; there can 
be no ailment left in favour of the employment of steam 
for heating buildings. 

In order to shew how far we are warranted in the above 
assertion, we have drawn some facts from Mr. Buchanan's 
work on Heating by Steam^ which are the result of hi? own 
experience. He finds that a quantity of steam capable of 
supplying an engine of one horse power, will warm a space 
of 50000 cubic feet. Now according to the average estimate 
of such a power, it will require a Supply of steam equal to 
36 cubic feet per minute. This according to Mr. Watt's 
authority, will consume 1 68lbs. of Newcastle coal, in twelve 
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houn, or uhamt C40lbB« of tlie coal used in the stofe above 
imtitioned. The relative efiects produced by the tame coal 
burned ba warming by ^Mnam, and by warm air iti the stove 
above alluded to, is something more than to i. This 
advantage ^ warm mr over steam, is doubtless to be attri- 
buted in part to (he difieretice between tiie specific heat ef 
air and' waiter ; the latter being nearly four times that ot the 
former. We have learned horn experiment upon the Inifr- 
mary stov«, that lib. of coal raises 20ooolbs. of air one 
degree. During the time of the year when a stove is era*' 
p4oy#d, ^e avemge range through which the air is heated^ 
itf ^aJbout loo*. Therefore lib. of coal would raise through 
100^, Qoolbs. 0ft86Otv3nc feet of ^n If tlie cosil be con- 
sumed at the tatt d^ 34olbs. in twelve hours, OG.Olbs. or 
Qm <ml4c feet af tat, at 140'' would be furnished eveiy mi- 
nute. This air is dispersed with such fiicility through the 
spKit to be Wtti4n«ti, i^t no waAt *of uniformity of tempe- 
rature H perdeiv«ed in the iargeirt ro«ms. 

In heating by steam we have m the plaee of 90;0lbs. or 
98S cubic feet of air at 140^ in one minute, 3!bs. of steam 
furnished in the same time and with the same fuei« Gonsi«- 
deffing the latent lifeat as temperature ; tbis may be reckoned 
1 1 in"". If this steam were first condensed in the room, and 
the wsfter «ooJed down to the temperature of the room ; it 
would give lOSS" to the air of the room, which would be 
dovbtless nearly equsd to the effect produced by the warm 
air beated by the same weight of coal. Sut we have seen 
fr6m ^icts deriveA fyfMiKi ^od au^odty, ' that the steam falls 
very sho9t of tl|e*«Aiei produced 4b^'ma!dng air the ve- 
hicie <tf 'ke«t. 
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In the first place the heat lost in the convejance of the 
steam, is much greater than that lost in conTcying air. The ". 
temperature of the steam is 212^ the air being 130^ The 
loss of heat will be greater in the same time oh this account. : 
But the greatest difference is caused by the. ratio of the 
surface, to the solid content of the air channel, being so * 
much less than that of the steam pipe. The ratio of the 
areas of an air channel, to that of a steam pipe to supply i 
the same sized room being not less than 30 to i. 

Another source of deficiency in heating by steam, which 
must be very considerable, is the heat which escapes with ' 
the hot water and uncondensed steam. 

The steam pipes exposed in the rooms in which the steam 
is condensed, are probably always above but never less ? 
than 1 80^ 

At this temperature only one half of the original steam is 
condensed, and of course gives out only half the heat i 
which would be given put if the condensed water were* 
allowed to cool down to the temperature ot the room. This 
loss with those already stated will go far to explain the great 
difierence in favour of warming by air. 

The portable stove above mentioned has no brick work 
about it except the fire place, which is of wrought iron on 
the out side and lined with fire bricks. Instead of the brick 
wall which surrounds the cockle and contains the iron tubes, 
as is the case with the stove already referred to in Plates, 
1, 2, and 7, the portable cockle is surrounded with a thin 
iron casing; in which the tubes are rivetted. These tubes 
are round, and two inches in diameter. The ash pit is 
of cast iron. 

F 
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Since niaking tkts portable fttove^ I have maid& thoAti of ! a 
laiger size, with an iron casing for the tubes^ inAtead^of ai^ 
brick wall. The cockle is also longer than formerly^ hy. 
nearly the depth of the fire place. The fire place la made of 
wrought iron, hopper shaped on three, sides^ bul ooming 
square up to the cockle in front. Thiii is lined with.fira 
brtck on the three sloping sides^ being open in front for. the 
admission of fuel. . In this arrangement the smoke fluQ com- 
mences in a small space between the . right and kft side* of 
the cockle^ and the outmde of the fire place; aboutvhalf! AH 
inch wide. This space fromi the. hopper shape q£ thie fifOi 
place becomes wider downwacda, so that at. the loYiel o^ the 
grate it is^ sufficiently capacious on eacdi side to constitute 
the smoke flue. These side flues unite iq a similar CA^ity at 
the back of the fire place, from which the smoke descend*, 
into a cayi^ under the flange of the cockle» and from^ thence 
into the smoke chimney^ In fiict this cavity ia commoa t» 
the flues and the chimney, and ia seperated from the. ash. |^ 
by an iron door, which can he opened at pleaaure f<K> th& 
purpose of cleaning the flues or the chimney. 

In Plate 2, Fig. i, I^ M, ia the apace throu^. whieb tile 
cold air ascends. It will be evident tiiat the air wbich 
enters at the lowert tier of tubes, has to rise betxi^eeii i^ 
tubes of the seccmd tier ; that which eaters the first andi 
second, will pass between the tubes of the third, and fioaUy 
the air which has entered all the tubes below the uppermost 
tier of the cold air part, will have to pass between these 
before it gets into the hot air part, where it is disoharged* 
It will hence appear that the space ibetween the tubes q£ the 
uppermost tier must be equal to the siun of the areas of the 



t^fiffHiM 9f aJil» the; tubes below tlj^jt^f,^ i^^^^ ^*^.*^-^t 

iaits co^rsfp may not be require4:1|q c;^:^i^^ it& vfilcj^^^i 
ITiese coti^^d^rations have induced mq to .giye t^^ ^.^^"^^ *^ftj 
fprrn regyespntecl in Fig. 3, Blftte.2. a.b^c, iathq iro^:^ng^ 
CQptaJinjing tbe tubes wbich app^pacb the cockl? dl» ffiJ^^ 
vrUbip half an inch. A i? the. door for feeiiing the, ^^^. |^ . 

h, in the; bopp«;r shf^ped fire plape, n^i^rkedf) with, thf^. ff^j^j 
letters ; in Fig. 2, n, n, is an opening for the smo^f^ ;. f^ f^^, 
a?q laJces. iw:hicb vcff]^ b^cjcwafds ^pji foyward^. alqng, t^ 
opening ^9 to prev^ i^ being cboaked with 8oq| ; 4i iflr. 
tli^,^))L pit ; J^ F, tj)^ le^plo^f th^ 4P9? where; tbc >fiie isfe^i 
iSj the col4 ^r, culvert. pQpaiQunicating w^th the opei^ ajir 1^7, 
a turn cap, thie ipputl^ of ^lucl^ ip presej^fed to the "vin^. . 
This cold air is, therefore eQ;^relj ci^t off from the ash pit and 
fire place, ami pfisses firecly l^t^pcn tjie pillars Kifroif^ 
thence it aficai$is up the pavitiea /> M, on alj^ side^ entef:^iig, 
th(s small tubesi and is forced agai^t tl^ hot cockle. 1^, 
afterwards passie3. througl^ the upper set of tubes intq t^^ 
cayitvr C, which is icalled, the hot air chamber. Here it has < 
attained it^ full degree of heat, and ifi now transmi^ped. 
through different flues to the ap^rtinents to be warmcid* 
The proportionate areas o^ the; di&re^t fiue^ wiUbe goyeri)* 
ed b^ the ma^ii flue* If thq air moved as fireelj through tb^ 
small tubes as in the large flue, it would then be £i rule to 
ma^e the main flue equs^ to t^e sum of the areas of all th(^ 
tubes in the hot air portion of the stpvp ; ^Y^ i^ ^^i ^ wM^ 
c\ent to make it e<|u^l to ^ of 1|hat area. 

The section of the cold fur flue should be such as to ptt^ 
sent the greatest interior surface, in order Ui, wajrm or. coj^I^ . 
the air passing thcowdi as much as possible, and should 
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therefbM be a long parallel^ram^ the length at least should 
be three times the breadth. The hot air flue should present 
the least interior surfece, in order to preserve the heat of the 
air while passing to its destination. For this purpose its 
section should be a circle, and the inside of the flue as 
smooth as possible. The cold air flue should be made of 
the best conductors of heat; the hot air flue of the worst 
conductors. 

The greater the distance the cold air flue passes under 
ground/ the greater will be its efiect in warming the air 
passing through it in winter, and in cooling it in summer. 
The change in temperature of the air by passing in this way, 
is much more than would be supposed. The cold air flue at - 
the Derby Infirmary, is about 4 feet square, and its length 
70* yard^. In the month of August when the Thermometer 
in the shade stood at 80"*. the air which entered the air flue 
under ground at the same temperature, was found to be 66* ■ 
at the other extremity, where it entered the store room ; 
the current at this time was sufiicient to blow out a lighted 
ca:rldle. Another experiment was made when the outer air 
was 54*. This air was reduced to 51, by passing throu^ 
the flue. We have before referred to two tumcaps, by 
which the current through this passage is much increased. 
The turiicap at the entrance of the cold air flue has a vane 
o5ft the top of it, which being acted upon by the wind in the 
manner of a weather-cock, keeps the mouth constantly pre- 
sented to the wind ; this provides the most ample means of 
bnnjging firesh air into the building, which air is warmed 
when Its terapferatiire is Ifess than that of the earth, and cool*^ 
ed when the earth is colder than the atmosphere. 



iFrom each of the apartmCTits into which tibtc air passes 
from the sto^re^ a flue proceeds equal in arek rto the inlet, so 
that the sum of the areas of the outlets will he equal to 
the area of the main flue. The outlet flues all terminate in 
the roof of the btiilding, and the foul air escapes at a turn-* 
cap of the same size with the outer one^ having a similar 
vane but placed the contrary way^ in order to insure the 
aperture being presented constantly from the wind. The 
ventilation by this contrivance is much more complete than 
by the casual opening of doors and windovra. 

We have given a view of one bf these tumcaps in Plate 
2, and Eig. 4. 

The hoi air funnel leading from the air chamber as seen 
in Plate 2, Fig. 3, rises perpendicularly to the attic story t and 
terminates in a cavity fcom whence a varie^ of horizontal 
flues proceed ; the principal of these go under and quite 
round the gallery in the attic story ; into which the conva-^ 
lescent and principal bed rooms open. This flue will 
therefore be contiguous to the rooms and give out brandies? 
to supply the same ; the openings are supplied with registers^ 
to adjust the inlet, which can be opened only by a person 
who goes round with a key for that purpose. The course 
of the hot air in these and the other flues will be seen ith 
dotted lines in the plan of the attic story^ Plate lo. The 
flues are formed of slate^ closely jointed at the comers and 
ends of each slate> by cement When these flues are made 
of bricks they should be well plastered wiUi lime and hair 
in the inside. If they have to pass under ground, the 
flue should be double ; that is. the part to contain the air 
should be summnded hj a* sisiilar cavity leaving a stratum. 
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of air between them. The care employed in securing hori- 
zontal flues should be greater than in perpendicular ones. 
I have seen the latter kind made of rolled iron^ which 
answer very well, receiving very little heat from the air 
rising through them. And eren well seasoned wood wiU 
last a long time for perpendicular flues. 

Before we conclude this article, it will be proper to make 
some remarks upon the history of this valuable invention. 
Its advantage over every other kind of stove or method of 
warming, cannot fail to^ ensure its general adoption, espe- 
cially for public buildings ; and the balls and staircases of 
private houses. 

The most remarkable circumstance in its history, is the 
fact of its being in use in the Cotton Mills of Messrs. Strutt,, 
as early as the year 1 792, without having been once noticed 
in any publication. It was free to t^e inspection of any 
enquirer, and the proprietors were always willing to give 
any information for its construction ; yet so far from being 
brought into general practice, it has been adopted in but 
very few instances. In the rare situations in which it has 
been erected, some blunders have been committed, which 
have prevented its complete success, or it has failed for want 
of proper management. The first stove which Mr. Strutt 
the inventor erected, was not so complete as they afterwards 
became; the brick wall which surrounds the cockle, and 
which we have described as containing iron tubes, were in 
the first instance merely square holes in the waU, no tubes 
being employed. The addition of tubes was found to pro- 
duce double the efi^ct with the same fiiel. One of the stoves 
without tubes is still existing at the Belpar Mills> from 
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which by experiaient^ I have been enabled to make the 
above st^ement. 



9Siu%b J^OVL^t. 



This comprizes a washing machine turned by the steam 
engine, and a boiler of cast metal in the middle of the room, 
holding 1 00 gallons. Its contents are heated by steam, which 
is brought by cloathed pipes from the boiler of the steam 
engine. Two sides of the room are provided with stone 
benches, and a large table stands near to the washing ma- 
chine to lay the linen upon. There are also several wooden 
tubs for the purpose of washing by hand occasionally. 

Plate 7, Fig. 9, is a perspective view of the washing ma- 
chine ; C, D, is a water tight cistern in which the cylinder 2/, 
revolves. The interior of this cylinder is divided into four 
compartments, by two planes intersecting each other at right 
angles. One quarter of the end of the cylinder is removed 
in the figure to show the interior of one of these cavities. 

The proper entrances into these is by a small door in each 
as seen at h. Here the linen is introduced and the doors 
are closed. The perforations in the, cylinder and in the 
separations of the cavities are for the admission of water* 

The linen is previously rubbed with soap the night before 
washing. Before the operation commences, as much cold 
water is put into the outer vessel C, D, as will rise to the 
height of 4 or 5 inches in the cylinder A. The vessel 
C, D, is provided with a steam pipe from the steam engine 
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bmler. The steam is now let in until the water and linen 
are heated to the maxinuin which is something below the 
boiling point* The part B being turned down, the inner 
cylinder is put in motion ; the holes in its sides freely admit 
the ^ hot water and steam. The volocity of the cylinder 
should be such, that the linen may be heard to fall from 
one side to the other every time it is raised out of the 
water. This discharges most of the water from it, and 
it becomes filled with a fresh portion every time it dips into 
the water below. If thie motion be too rapid, the linen 
remains against the ^ides of the cylinder, if too slow, it sliiles 
down the sides. In either case, little or no eSkct is pro- 
duced. When the machine moves at a proper speed, one 
chaige of linen will be washed in less than half an hour* 
It must be observed that during this process, the quantity of 
soap in the machine should be such as to produce a strong 
lather, so that if a sufficient quantity has not been rubbed 
upon the cloaths before they were put into the machine,, 
more soap must be added either in the state of thin shavings,, 
or previously dissolved in hot water. A great advantage 
will be derived from the use of an alkali when it is used in 
a proper state, and with caution. That which is known in 
commerce by the name of pearl a^, is to be preferred. 
Soda answers very well, but it is less economical than potash, 
on account of the great quantity of water it contains. Tlie 
ude of this substance is more particularly necessary whea 
the water is hard. If the cloathea be very dir^ or abound 
with grease, the alkali should be used in a caustic state, but 
very sparingly, as it might injure the texture of the lineiu 
To prepare potash fer common purposes, dissolve it in its. 



own weight of water, if after standing half an hour and 
having heen stirred frequently, any thing remains at the 
bottom^ let the clear liquor be separated, and the residuum 
thrown arway. The clear liquor contains all the real alkali 
the residuum being impurities. The following is still more 
simple, but requires a longer time. Let the pearl ash in the 
state in which it is purchased, be put ixxto a jar of stoue 
ware, capable of holding five or six times the quantity 
which is put into it ; let it be loosely covered so as to keep 
out the dust, bat be freely accessible by the air. In a few 
weeks the udeful part of it which is the alkali will become 
lijquid, what is impure remaiiiiiig unliquified. This liquid 
or that obtained by the first process may be used in small 
quantities fbf clothes in general, but when as I before ob- 
served they are v^ dkQr and greasy, let the liquid as above 
obtained be prepared as follows. First dilute it with twice 
its quantity of soft water, to this add as much new slaked 
lime as is eqfual to^ the original weight of the pearl ash, boil 
the mixture geAtly half an hoiuv stirring it frequently, let it 
cool, and atand to settle, d?ain o^ the clear liquor for use, 
add ta tl^ dregs as much more soft water boiling hot, let 
it atand till it beeoraeS'Cleary and drain off the clear liquor. 
This process should be repeated till the liquor ceases to be 
acrid to the toiigue. This Uquor should be kept in a stone 
ware bottte close corked, and dvould be used in small quan^ 
titles; It wiy> be found much more active than the liquid first 
obtained^ and will mucb economize the use of soap. Thia 
caustic alkali may be employed la the machine in a greater 
^nantity theaitf wasb^ by hiMdy since the alkali affects 
tibft hattdst^ the wtisfaet lAi^aaqia laqg bcfine it would have: 
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any bad effects upon the linen. The operation of the ma- 
chine consists merely in letting the clothes fall from one side 
of the compartment to the other, so that the texture is less 
injured than by any other mode of washing; the water 
being nearly at the boiling point has a much greater effect in 
dissolving the dirt, than at the low temperature which can 
be born by the hand of the washer-woman. ' The dirty 
water may be let off^ in a few seconds, by a cock in the bot- 
tom of the fixed vessel, and may be immediately supplied 
with fresh water and steam to heat it. All the labour of 
lading and pouring is saved by pipes being laid for the admis- 
sion and exit of water, and the constant supply of steam 
renders the presence of fire places unnecessary • 

After the clothes are removed from the machine, some of 
them require to be looked over, and sometimes a little hand 
washing is necessary ; but the greatest proportion are finished 
by the machine alone. 

The next process is boiling the clothes ; which is performed 
in the boiler above mentioned ; it is placed in the middle of 
the wash house for the purpose of getting round it. There 
are three pipes attached to it, one introduces cold water, a se- 
cond steam, and a third carries the waste water awby. 
Duritig the boiling process the boiler is covered ; the edge 
of the cover fits into a groove which goes round the top of 
the boiler. This groove being filled with water prevents the 
escape of steam, and by that means economizes the heat.' 
The linen is now taken from the boiler and laid upon a board 
or tray filled with small holes and placed over the boiler, by 
which means the water which contains much soap is drained 
out and used for the process of washing in the machine. . At 
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the ceiling of the wash house there is an opening into a 
chimney which is for the express purpose of carrying off 
the vapour. 

After rinsing and wringing, the linen is ready for drying 
either in the open air in fine weather, or in the laundry stove' 
in bad weather. We shall here give a description of 
the laundry. 



€tt %mnnrs^ 



The laundry is a large room as seen in the plan, Plate 8, 
adjacent to which is the laundry stove, exactly on the prin- 
ciple as the stove already described for warming the rooms. 
Plate 4 is a plan of the laundry stove, not strictly a section 
through any particular line, but shewing several things at 
different altitudes. Plate 5 is an elevation, being a section 
cut by a perpendicular plane passing through ji, B, in 
Plate 4) with the exception of the door D, and those J, d, dj 
which are to the front. 5, Plate 3, are three steps leading 
from the floor A^ B, down to -F. The plan of this recess is 
seen in Plate 4. From this level two other steps descend to 
M, the place, where the fire is mended ; m is the mouth 
piece for the introduction of fuel. Over the fire place 
is an iron cockle; its flange ^^ f, and the thickness of the 
metal is seen in Plate. 8, part of the flange is cut away to 
sh^w the flue which it oovers, see Plate 4. This cockle has . 
no dome at the top liketbat of the other stove in Plate 
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9^ Jbot i# a fla^t cast metai plate -and constitutes . tke bat* 
taw of a Kcew wbicb the door D .dbses. The top aide 
of the cockle is for heating the irons employed in gcti- 
tang up the JUneo. The sides of the cockle^ the form 
of which is a parardlopipedon or an elongated cube« are 
surrounded vith iron pipes t, tp similar to those in -the 
large stove ; these tubes are inserted into a narrow wall 
which separates the cavity K from that immediately round 
the cockle. The cold air ascends from a subterraneous pas- 
sage below M, which communicates with the outer air ; it 
then enters the tubes t, i, &e. and strikes the sides of the 
heated cockle ; thus heated it rises into the hot air chamber 
Plate S, and passes into the hot closet which contains tke 
bariM df d, dp and also the lineia to be diiied« Theetttrance 
into diia closet a by a door W^ whksh it shut diNDiig the twae 
of drying. AkMDg the clmet and alto along the flMr of ^^ 
liumdfy run tke ribs of cast wuHal b, k, i, b, i)ip tlMse am 
fer tkft hotsa d^ d^ d^ im mm ufMi. Plate I, Vigy 1^^ it a, 
tiie view of tke JBMrse; W, n, ace cast irott w%i|^ mA, 
fffmnms tenm upon the nhft^v Hbte 4 > «tti^. hone haa tw^ 
fiiicelt behiod a* n/ ami u» hdfoie ^W^ £«iei9r hone J^ 
fym tier of tub 'ooe ainove «iol!her^ 4 o£ these beifi|^4o»li^ 
fsakiog the' whole nine mils ; tjiese. ate iSkr hai^^tt^ dpAea- 
vfM^ The lionea ift will ^ppitar are drawn o«t« %te^ tbe 
humdrf for the puipote offeadiagardaideailiiig^ Hrheil^tfaiv^ 
heneis ifatte eut, the bade end cooks tc^ thtrlrootaQilKrl^tfa. 
the aperCora, fpttmatrng celd air fiwui ieDtsfldni; tbe-ielwaeti. 
Em:h end of the heme at kept ateady^l^' tfae^^uudei^^ i» 
tim eeilitig. When att tbe haran: aoe ift the tjoset: thc^r «mh 
ttilMte iufreut, tnit fit: petfettij. JU< the hot/ air i»<d»> 



D£RBTSHIR£ Q£NBRAL INFIPMART. 29 

it descends with the aqueous vapour through the linen » 
and escapes into a funnel C^ at the floor of the closet, 
by this means the heated air is compelled to pass from the 
top to the bottoni of the hot closet, affording the most efiec^ 
tual means of carrying off the moisture, with the least 
expence of fuel. 

It would be idle to attempt any comparison between the 
lauiidry here described and those in common use. Where 
the drying has been performed by a stove instead of a com- 
mon fire, we have not any thing, before the method here 
recommended, superior to placing an iron stove in the mid- 
dle of a room, or having the smoke flue a naked iron pipe 
passing through the same. The top of the stove is used foe- 
heating irons, and the linen is exposed in the same apartment 
where the laundress is obliged to exist The stove is generally 
hot enough to set fire to dry linen, an evil from which des-* 
tructive consequences may be expected, and which have, 
frequently happened. 

The laundry here described is entirely free from any of 
these, inconvctiiepcies. JRr^^— That part of it which is occu- 

* 

piodiby the laundress, c^ be entirely cut off from the source 
ofh^al ui ;hQt "weather ; and ia wintec may if necessary, be 
supplied with any portion of the;ho& ^r from the drying 
closet* ^ iSecoitd.-Jrhe pajrt^ appropriated for heating the iror^,; 
is completely sblit qCfrool the room ; and the fire, (as seen in, 
Fla^ 4:wdi5,i)(<)pei^ into a distinct apartment, so that it is 
imposi^ble'aiiky acddent should happen from fire. J%ird.—To. 
doiftway any pi!^judice which may exist in fitvour of drying in. 
the open airj we^ah^tt only observe that in consequence of the^ 
coasHiUit eitfxenj|<p| ff«^ jair whicl^ passes tfarou^ the drying^ 
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(itoMt, more of it cornea in contact with th& linen in a given 
lime, then would on the average be the case in the open air. 
Thift is all that can be required to keep linen of its proper 
whilenesB ; light is the on]y other agent which could be sup- 
posed to interfere ; and it is known to have an effisct upon 
animal and vegetable substances, the very contrary of bleach- 
ing, that process depending entirely upon the presence of 
mmstnre and oxygen. Fourth. — The clothes during drying 
are not exposed to the dust of the room, nor have they any 
other chance of being dirtied by accident. The same clo«*- 
in which the clothes are dried, is not less important in keep-' 
ing them clean and properly aired after mangling and ironingv ■ 
Mfrtil they can be disposed otF. An extra horse is sometimes 
added to these in the lanndty, which when drawn out, haw 
a part to turn down upon hinges, on which a feather bed 
cafl be laid ; this part then turns up with the be<f, and the 
whole slides into the closet : this is a most speedy and effec- 
tual method of airing damp beds. 

These stoves have long been applied Bpon an eiteiurve 
scale, to the drying of cotton yarn and calico, in the vrortis 
of Messrs. Strutt ; and they wouM not be less important tw 
the paper maker, potter, sngar baker, &c. In the manu' 
factory above mentioned, it is fonnd much more eeonomicjiA 
than any method hitherto u»ed. To give some idea of t)fvt 
power of one of these stores, the folfowing' eTtpefiment wa* 
made tipon pieces of calico; it was commenced with lb* 
fire in full vigonr, at 9 o'clock in the morning, and continu- 
ed until 3 o'clock hi the afternoon, Icainng off with tbc fim 
in (he state in wlridi the experiment commeoced. 

During this time 104 pieces, 2* yards tong wwe diyvdw 
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Their weight in the wet state was 1 Uolbs. an^ when dried 
547lbs. Hence the water cairied o^was 1 140 — B47z=z5Q3lhs^ 
The coal consumed to producet his efiect was 338lbs. From 
this it will appear that lib. cf~60at expelled 1.501b. of water. 
The air and vapour from the clpset passes off at the tempe- 
Tiivtte (if ItrtV ; bttt tifetf <J^tity 6i v^iet In i^&xW: fM Was 

ntrt hfofe-tto '^&t mW mams ^km^ik^'^mtitik o^ 

with vapour, it would have passed off at go°. and instead of 
50dlbs. d^ water, a BtU^more t^an l'iZ0Gil|«', bt wxit^ would, 
have been expelled,* 









* In order te foria aa idea of the lelatiea betweea Uic eoal aad the n^er 
to be expelled ; 

Lei i%=ilbotweisbr!of: coat c^n^lned in b gi?eii (iiHiu^ . . ^ \ 

7f^=tbe water to be carried off from a quantity of goods^' iqaat^^'^^ 
' $fFi iiit1ie'«unb'time«» 

Jlf=the weigbiof iift which pa88ei|tbroiieh.thetfoTe in the same time. 
^ iSbfotAberatitre at ifhtflt Jthc nit tt£ moqr ficaMr whdt'ifar 



, space is satarat^.'. 
f=:that of the outer air. . ,, ■ . 

Qsssqnantily of water in a cubic foot of flspace at 2) 



dsaihht contained in a oubic foot oC air at the dew poAoft > 
, . fs=?*e .weight of wot ^oods raise^ 1 degree tff Ub. af coaIa:qJ^^ 
a^:=(^a weight of air raised one degree by llb# of coat. '.. \, i . 

c==:the weight of water converted into steamliy l^fa^of eoaL . : 

. jp=fthe number of ^abic feet in llbw ofc ai9 at T. 
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n i:: J-- "^ . 1 ^' ' . 

- • r 

, ■ ' * f ; • ■' - ■ • 

- .' • y ' • ■. I , , ' ... 

^ Along tlj»j|r,aU , on the left of the entraa9e.(See PU^of 

fire p^ce,(ui,;^^.^|4ii)ford j>lan>, a roa3ter/o^;lai;ge^ ^hes.op 
ttf rij^ j^f ,^e,, ft^e bI^^^ is ^sp.aQ .^yen in.wJ?if?tL 

t^ie hjf^^'^^hf^(4f.^^a. sipall roaster oij,^!^ i^ pf.jie^ 
pN;<??f,'t9^%>S'gft^,pf 'the large W 

, But eyerj cubic foot of, air whicli passes away, n(iiist contain a ^liantily of 
mikPUiniVU' t^^dr^i'{^ 'hal' been'iiawfcd dMrdA.%' JeVglSdk 

Hence ^^^^ will be an expression for the air in a culiic foot. Add 



.^ — ^ .— : ilf i' then by snbstttoting this yalne fdlr M\ W hate 
g'lV — »J 

^X^j ,=the coail consumed in raising t&e ait^Adiv I 'tor'!r9--col)eciing 




C» » • . • f ■ I • . I ■ * 'J . : ■ . t 'Am J ' ww^ .' , » . , ■. »»• * • ^>w^ 

these several quantities of coal together^ we have ^ ' ^y^^^ H ^ "7^ 

==*^^— < ia<^! r Mj+a^g^r^rfj^-8«'y^r!l?^^ ST wj^ .<? eiaj be 

found in terms of each other by the table^ of tlie ibrce of vapour, refered 
to in the text. '' i; ' . 

The drying poweir' dJT tfie atmosphef^ ' at the commoit tempiefsture or as- 
sisted by artifldiil hci^t, ii dtri^ctly aV'th^ change of surface eitlnsir'of the 
b(ldj^^tb'^'d/i^/V>l' m 'liiediuid 's and inyersly as the qnttntitip^-TDi^ water 
already in the' aiBok^h^ire/ br ad the difference between the dew^Hint and 
thetempeitatiire'of'ili^^V/^ ' ■ " ^ ' ''-' 

This is a term used' AyMh' OUtOfi tb expi'e^s thiit teitepcraftite of 'the air 

w^Mhtvpul^JHrt WPtotei^ Iffater ctat^iM ill it* : Below tbi» temperatort; 
water would he deposited in the form of dew ; above it^ evaj^ration would 
take pU«eati^»Asitetfi latiaiaf 4tof%nperitttt»i.i.ilf 'ilM»4e^^ atitei 
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ratus of a new conatriiction. Thb completes the culinary 
apparatus of the kitchen. • ■'- - * 

The roaster is represented l^ two sections and a plan^ in 

Plate 6. The front section shews the interior of the oren, 

the door being removed/ and also the cavity surrounding the 

9Y^9 title \)ricluheingrempvQd from thefront for tibat purpose. 

, ....■' 

temperature of the atmosphere, no eyaporation would take place. This 
however very leUlom happens entirelj, allhoagh it sometimes nearly ap- 
pnMches to it. We are indebted to Mr. Dalton for a very simple and 
ing<emous method of finding the dew point at any time. Take a clean glass 
vessel, such as a decanter, and fill it with water or any other finid which can 
be made a little colder than tbe minimum of the thermometer the night befSsrc 
the experiment. This may sometimes require ibe aid of ice or a freesing- 
mixture. Let a delicate thermometer be placed in the fluid when the obser- 
vation commences. In the first instance, while the fluid is colder than the 
dew point, the glass vessel, which is previously wiped clean, will sotfnbe 
covered with dew. This must be wiped off from time to time until the dew 
ceases to be formed. At this period, observe the degree of the ther.momefer 
in the vessel, mtid this will be the true dew point, or that degree when waier 
would begin to be precipitated. The temperature of the air is in general 
higher than this point. In long continued dry weather the dew point b 
generally near the minimum of the thermometer. 

The following table which Mi^' thk\t&n has formed pntiiy from experiments^ 
and the rest from calcnlalioM) ilioW% the forbe of' Aqueous vlipour in inches 
ol-mercury from the degree of -^40* up to 219". The meaning of this will 
best be explained by supposing a tube like that of a barometer, filled with 
mercury, and having a bulb^ at the lower end^ capable of containing all the 
mercury. When the pressure of the' atmosphere h removed, let a portion of 
water then float upon the mercury, iia the bulb. This being don6 let the bulb 
be exhausted of its air by an air pump, and in this situation be hermetically 
sealed. If this could b^ efifectedin a temperature of — 40<», the mercury in 
the tube would stand higher thatt that in the bulb by .CIS inches. This ele. 
vation being occasioned by* the fbrce of the aqueous vapour i^t —40'. If the' 
teroperamre of thebnlb fttte aonriinaed'tbtMgft'alltM degrees In the taUe^ 
the corresponding height of the mercury would be seen as expressed 

in the same* 

K 
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The dren rests upon Inricks plaoed edgewise aldng each 
which forms a cavity under the oven similar to that seen on (he 
top and its other sides; An opening into this eavity is Ht E, in 
the side section. The fire which is introduced at D, it will 
be seen, does not immediately act upon the oyen. The 
flame branches on each side along the flues F, F, And 
then ascends perpendicularly ; inveloping the back, the two 

The beigbtt of the menmiy expretsiye of this force of Tapour, will be 
leen not to be as the temperatuie nor in any covistant ntio of the same. 
This gave Mr. Dalton mach trouble in constructing that part of bis table in 
ivhich experiment could not well be applied. 

He found afterwards that when the scale of the mercurial thermometer was 
diYided into defifrecs increasing as the square of the temperrture from the fiees- 
ing point of mercury ; and when the force of rapour was measured with snch 
a thermometer, it was found (d increase in a constant ratio to the tempe« 
rature. If therefore snch a scale were adopted, and if the ratio and the 
force of irapour for any degree were known ; the force of vapour for any 
other degree would be deti^rmined by calculation. Let jPbe the force of 
▼apour at 218^, which is the height of the barometeri and Tany otheftem* 
peratore above or below SI 9*, and let /be the force of vapour corresponding 

F 

with 7, and R the ratio which for 1 degree =1.0885» Then fiz n j fjg^^^^j, 

when T is less than 812* and fz=sFRr^». when T is greater 
than 212. Let l=(he degree of Dalton's scale corresponding \p T 



P"!*=':lTi* Then r=(it<+0* 40.andfc=Clil2^»sothatif/befound 
andit=.041(i5, ' — n 



by this theorem/ may be found for any degree of Far^nheit's scale. 

At the temperature of 2I9» and under the mean pressure of the atraosphero 
the density of aqueous vapour is snch, that a cubic foot of space would con* 
tain 253 grains ; and since the density is as the force of compressioui the 
quantity of water in a cubic foot of space at any other tempentnre will be 
as the force of vapour answering to that point. In order to save the trouble 
of calculation, I have added a third column io Mr. Dalton*s Table, which 
gives the weight of water contained ia a oabic foot of ipabe answering to 
^ach 'degree' of bi^t. 
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^•iil)fth« fores of A^n«oui V«pg<ir, Uu QomDlil; cooiaiacd 
fn > CdSIc Fast of Sp>ce, and tka Depth of Waler Bnporattd In 
■n Hoar, far Erery D^fK of TcmpedalDre front— 40* lo 326°. 
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sides, and the top of the oven, it is not however allowed 
to escape till it descends to E, there being a similar hole on 
the other side. It is now compelled to pass under the oven, 
and from thence into the chimney C: so that the bottom of 
the oven, which is generally the hottestpart in others ovens, is 



Mr. Dalloti has found by experiment, (tiat (he evaporating power of the 
atmosphere is directly as the difference between the quaiitily of water in a 
giTcn space at the dew point, and at the temperature of the atmosphere. 
It for instance the dew point, found by experiinent, be 42", then the water i« 
a cubic foot of space at this time will be found, in tiie third column, to be 
9.38 grains. If the temperature of the air at this time be OC, then look in 
tbe (able fur 66°, and in tlie third column will be found 5.35, (he grains of 
water which a cubic foot of space at (bis temperature would contain if 
saturated. This shows that a cubic foot of air under such circamsfancos will 
appear lo to take up 3.7 grains of water. And that if &uch air were made to 
pass through any substance (o be dried, till its dew point became equal to 
its temperature, wo should know before band how much water would be 
carried off in a given lime, the velocity of the current being known. It 
will appear from the above facts, that the artificial process of drying may be 
conducted in (wo ways ; first by means of artificial heat with sutBcient ven* 
tilalion to carry off the vapour ; or at the common temperature, when the 
dew point is a certain degree below the atmosphere. In this case ihoair 
would be forced through the goods lo be dried by machinery. 
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the coldest in this ; nnce the hot vapour does not reach 
it until it has ^ren the greatest part of its heat to the top 
and sides. In the front section (o) is an opening, 
being the month of a tube fastened into an iron plate, 
which is seen to close the front of the under cayity. 
This tube proceeds in a straight direction under the bottom 
of the oreo, the whole length ; it then turns in a cunre 

9 

We MS fawWIilfd io Ibe mne philosopher for some experimenta bj which 
he A^cerfaiaed the ratio of evaporation at different temperatures. He found 
frMi a eyiwdriad restel of six inches diameter, exposed in an open windoift 
mt4 kepi hailimgf that en the average 160 grains of water were carried off 
^a a asiaaie* In these experiments be further ascertained, that the quanii- 
IMS eraporated at di^erent temperatures in the same time, was as the force 
4f fapoflr. From this circumstance he was enabled to give by calcnlatioQ 
Ar qeaotttjr evaporated at different tf mperdtures, in a given time. I find 
thai the qoantitj evaporated, is also as the surface, when the temperature ia 
sasifomi tbroaghoot the whole mass of liquid. Hence it is better not to take 
ffae mrliBce info oonsideraiion, but the depth. It appears from Mr* IXUton*a 
cxperiaieau, and (rom (he facfs derived from steam engine boilers, that 
aboot 1*8 inches of water, in depth, is carried off in an hour. The table to 
wbieb we hav^ alluded will on this consideration contain an additional column 
expresaioic the depth of water evaporated in an huur at each temperature, or 
nader any force of vap^iur ; supposing no water to be previously existing in 
Ibe air* Bat since ihe quantity evaporated is as the force of vapour; it 
win be as the difference between the force at the dew point and at the tempe- 
vatare of the wafer* Hence if wc wbh to find the ratio of evaporation, the 
dew point being 40^, and the temperature of the air, or the artificial heat of the 
liqoid be JOTt look in the table for 40® and in the fourth column will be ASSO^ 
the depth evaporated in an hour under that force of vapour. , Next lock tow 
7(f , and it will be found that the depth in an hour answering to this^ will be 
•864L Then .3641— .13dQ=.83il will be the effective depth evapor- 
afed in an hour* If the atmosphere were in a state answering to these data^ 
ii would show tbat the rircrs and lakes would be diminished at the abovp rate 
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and comes back on the opposite side^ where it terminates ia the 
bottom of the oven^ which com nranicates with the cavity, as 
seen in the side section at c. This cavity is formed of sheet 
iron similar to that of which the rest of the roaster is formied. 
One side of it coincides with^ and is attached to the inside of the 
wooden door G. A piece of thick paper steeped in pulp of clay 

bj evaporation. In this waj it may be nt any time known, not onlj what 
quantity of water is at any time contained in a given volume of air, but the 
rate at which evaporation is goin^^ on. 

If water were presented to a perfect vacuum, the space would be instantly 
occuined by a quantity ofaqueous vapour of an elasticity and density agreeing 
with its temperature. If however the temperature were suddenly increased,, 
a fresh quantity of vapour would be formed, but it would not like the first be 
instantaneously dispersed, but would require a length of time proportioniate to 
the density of that already existing in the space. The mechanical resistpnce of 
the air in ihe same way, but in a less degree, retards evaporation.. II appeavp 
that if the vapour already in (he air did not resist evaporation, the resistance 
of the air alone would be such a& to allow the vapour to be dispersed with an 
equal velocity under all temperatures, because the quantity evaporated is as the 
force of vapour and the density, which is in the same ratio. Therefore the ve- 
locity of dispersion would be uniform, and would be about 50 inches in a 
minute* Since however tbt presence of vapour retards; the evjaporation as it 
accunaulates till the dow pnni and the prevailing temperature are equal, the 
velocity of dispersion will decrease as the difference between the force of 
vapour, at the <!ew point, and at the common temperature. 
. Let F:=z the lorce of vapour at the prevailing temperature, and (fj that 
of the dew point, and let U be the velocity in inches per minute, when the 
force of vapour is Fy and no water in the atmosphere, whieh we have before 

stated to be SO inches. Then F: 1 :: F—fz ^^. ffence ^^V will ex- 
press the velocity of dispersion under all circumstances. 

In order to find the velocity in numbers, let the force of vopour at .the dew 
point be' made the numerator of a fraction, the force of vapour at the 
higher temperature being the deBominator of the same. Siribtnc^ the irac- 
tiOD from unity, multiply thia diffurence by SO and the pio4iict wilL be the 
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and WMter is phttoihetwectk tbt iron and the (kxH* to prerent 
theUMerfimnhAighajmcAhy^MhaA. At the top of this otvw 
ity in the door is an ipei hire (h,) opening into Aeofen. The 
tabe p commttninitffl with tte oren and the ctnmney abote tfce 
damper d. Now it wiff be erident that when the door of iSke 
roaster is^nrt^ a emrent of cold air wSf enter at oin the liront 
section, and will become heated in passing along the curved 
tube under tfie oven: it will then enter the cavity c in the door 
G, and pass out at the hole h into the roaster, and from thence 
through the pipe P into the chimney, to the dran^tof 
which it owes its motion. This contrivance has two great 
advantages.— Its heat is sufficient to have a great efiect upon 
the substances to be baked or roasted, and contributes to the 
crusty brown so generally liked. Its greatest advantage how- 
ever consists in carrying off the disagreeable smell com- 
plained of when meat is roasted in a common oven. 
^ is a register door opening into the ash pit, D the door for 
the fuel, beyond this is a second door which opens by a 
hook attached to the first door. 

Opposite to tiie cavity on each side, and the cavity under 
the roaster, are square stones fitted into the waU, which 
have an iron ring in the middle in order to be occasionally 

y^oiociiyAn locbei per mkute. Suppose the dew point at 40* and tbe tempo* 
ruturc ofthe ahr 60* Then (lie force of vapour at 40* being .263 and a( 60.$34we 

»^* '""iSi^SI «wl,aOX^=«*-9 ">«J>c» per minute, the velocity of dia- 

pfftiofi. If (lie latferi in feet, be mottiplied by the evaporating sarftoeia the 
mmHf and^tbif be multiplied by tbe time in minutes, it will give thsvelaiw 
i^iirrM off ffi this time. This last multiplied bj the weigM of a ottMo ftol «r 
vspofff St OOf will give tbe weight ol Tapout canried off in «Us Hbm* 
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removed for raking out the soot and ashea. This last operar 
tion is not required very oft^n : th^. top and $ides which 
would soon become clogged with soot, are raked very frcr. 
quently by another contrivance, wJaiwh.we can better describe, 
then represent in the Plate. In the front section, suppose* 
the dark space S which surrounds the roaster, to be a: piece» 
of sheet iron capable of being moved backward and forward; 
by means of a rod of iron fastened into the middle . of that 
part which fits the cavity at the top of the roaster, and project- 
ing to the front like the rod of the damper d, in the side section, i 
It will be evident that a rake of this form will by its motion, 
completely scrape the top and sides of the roaster, an .opera- 
tion frequently necessary. This rake brings, the soot to the. 
bottom of the cavities, which when accumulated to a certain 
extent, requires to be withdrawn at the openings occupied. 
by the stone plugs above alluded to. The small roaster 
mentioned above is precisely on the same construction 
as the large one. 

The steaming apparatus which we have alluded to, occupies 
a recess in the wall similar to that used for the common stew 
hearth. In this recess there is a horizontal aquare pl^tje of 
cast iron surrounded by a groove, and having a hole, in th< 
middle connected with a steam pipe provided with a stop 
cock, the opening of which is adjusted by a scale and index. 
The plate has been called a steam table, the size, reckoning 
to the groove by which it is surrounded, is 2 feet indies by 
2 feet inches. The groove is for the reception of an inverted 

TkasS4.9 inehts, or 2.75 feet, niHltipUedbyA.ld thewe^htof aoobje 
foot of vapoar at GO^i will give tl Jtt giaiiis^ the weight canied off in 
one fluniita. 
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tin vessel in the form of a dish coyer. This is so suspended 
that by a handle in the front it can be raised and thrown back 
at the same time, so as to clear the table for the purpose of 
placing the dishes to be steamed. The groove which receiv- 
es the edge of the cover would overflow by the condensation 
of the steam, but an outlet is made a little short of the top> 
dirough a hollow plug to allow the excess of water to run 
off while the process is going on. That water which 
remains in the groove keeps the vessel steam tight* so that 
no steam is seen to escape during the steaming. It is after* 
wards let out by lifting up the plug. 

^ The vessels to contain the substances to be steamed, which 
merdy require to be placed on the table, are generally of 
tin perforated with holes like a cullender, in ordier to admit 
the steam freely on eveiy side. 



€tt ^cullers 



Which is immediately adjacent to the kitchen, contains 
three boilers heated by steam, two of these are occasionally 
used for making soup, and the other is merely for the pur- 
pose of making milk porridge. The milk is heated by 
steam passing immediately into it. The temperature is. 
a little less than 2 12''. but is sufficient to effect the uni<m, 
of the oatmeal with the milk, and without the risk of burn- 
ing it, which produces the odour under whidi the porridgi^^ 
is said to be bidioped. The stop cock admitting the Uteua/ 
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is provided with a scale and index^ in order to regulate the 
quantity of steam to be admitted. 

In one corner of the scullery and near the top, is placed 
a cylindric vessel of cast metal, which supplies the scullery 
with hot water. This vessel is provided with two bottoms^ 
having a separation of about three inches between them^ 
Above the upper bottom, the water is conveyed into the 
space between the two, the steam has access by a steam piple 
coming from the boiler of the steam engine. Hie steam which 
condenses in this space, heats the water above. When^ any 
hot water is drawn from this vessel, the upper surface on 
felling, gives motion to the lever of a ball cock, and l6ts as^ 
much cold water in to supply its place. This useful source 
of hot water therefore requires no care in keeping it hot 
and constantly full. 



I . ■ 



Mr. W. Strutt in consequence of ioconyenience experienced by tbc de^ 
fective construction and arrangement of a iimilar boiler in his own hoase^ 
has been induced to substitute another^ mhich is greatly improved. Thot 
feeding vaWe was subject to disorder, which produced great inconvenience ;; 
and the drawing: off cock being some yards distant from the vessel^i. as much 
cold water as filled the whole length of the pipe had first to be dr^iwn off^, 
mixing with and cooling the remainder. For this purpose he pro^ura^ a 
cylindrical cast iron vessel^ A^ JS, Plate 4, Fig. S,. twenty-foui. inch^ ioi 
diameter, and fourteen inches deep within, perfectly water tight ; a pipe^ Cy 
D, entering this vessel close at the bottom at Cf but without any ralim <Nr 
cock. This is connected with a large cold water reservoir R^ the bottom of 
which must be higher than the top of this vessel; and irom the top of (fajsTes* 
sel, a pii)e) ty no matter how small; must be carried as high as the top of the 
cold water reservoir; aud to prevent water.from being thrown out of this pipe: 
by undttlatioQ, caused by disengaged air or otherwise^ i<i' upper endopenii 
U^t A funnel. Thii Tfu^ t|kusf htoom^Af^oi. ^^^^ Menrqjri. how^ 
ever distant it may be^ and will always be full so Ibngas any watei fsiBBiiiSi 
in the reservoii:. 



44 9£RBTSaiR£ 0£N£RAL INFiRMAHY. 



iKIiimle or l^rfncfyal Stiotu* 



As this story is principally devoted to the household part 
of this establishment. It will not be necessary to give more 
respecting it, then is stated in the plan, Plate, g. The water 
closets on this story are for the sole use of this part» but we^ 
shidl describe them in treating of the upper story ; those for 
the use of the patients being on the same construction. 

• Tuo castifon cjrlinders> Gy H^ eaeh iHro inches de^p, and of. a diftflDfefet 
as large as the hot water reservoir will admit with ease, are conneetcd to-, 
ge(her1>y a pipe P, at the centre, separating them to the distance of tvo 
im^eS)- and passTng upwards, jnst through the bottoui of the uppermost cy« 
linder, and the upper side of the lowermost cjrlimter, which lowermost 
cylinder is supported upon three legs, /, /, /• At the distance of two inches 
from the bottom of the cold water reserroir a pipe (^ is so contriyed as to cor«* 
nect the uppermost of these two cylinders with a steam boiler passing through 
the side of the hot water reservoir, but having no other connection with it. 
In like manner, a pipe IV proceeds from the lower vessel close to the bottom, 
which pipe, after it has passed through the side of the reservoir, is arched 
like a syphon to prevent the discharge of any water till the cylinder is full. 
The hot water reservoir is thus divided into three compartments : one be- 
tween <he two cylinders, one below, and another above. Lastly, ittto the 
obmpiurtmeiit JIf is inserted a pipe tr, through the side of the reservoir which 
is ooatinned to the centre of it, where it is turned up, so that its mouth, 
which is bell-mouthed, is parallel io and within about half an inch of the 
top of the reservoir. 

The operation of the apparatus so constructed is this : the hot water re- 
sdnroiir suppose now io be full of cold water, and the steam let into the upper 
cyllndeTj then empty, by a stop cock, it immediatly begins io condense, 
commudeating its beat to aH parts of the ^linder, and through it to tbo 
•urromidiiig water. That part of it whidi Ifes immfdfatily npoii the lid or 
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It may here be proper to explain the uses of the two per* 
pendicular fiinnels on the right of the water closets. The 
first funndy l ^ commences in this story by a sliding door^ 
which can be closed and opened to any degree ; and termi« 
nates in a horizontal hot air flue in the story above. The 

top of this cjrlioder baying its specific gravity lessened, begins to ascend 
and is replacfd bj ibe other cooler water above the lid, in succession fill the 
whole is nearly boiling hot, bnt very little of the water touching ibe bottom 
and sides of the cylinder is displaced, and water being a bad conductor of 
heat, a thin stratum only of water, nearly boiling hot, surrounds the other 
parts of the cylinder. In the meantime the water condensed from the steam 
in the upper cylinder has descended into the lower one, communicating all 
its remaining heat to the water sarrounding it. When the steam ceaset to 
be condensed in the upper vessel, it passes into the lower one communicating 
its heat to its contnls, till it also, and the water external to the upper side 
of the cylinder is boiling hot. The water is then drirtn through a syphon 
like pipe, Wy boiling hot ; after which follows pure steam, which must be 
shut off by the- stop cock. The distilled water is received into another 
small reservoir, and may be used either as boiling water for oommoa pur* 
poses wholly, or in part, or reserved for any of tde purposes for which dis- 
tilled water may be wanted. 

The upper compartment being rather more than three inches deep holds 
upwards of five gallons ; this is heated nearly boiling hot in a short time 
after the steam is let in by an inch pipe, the water of the other part of the 
reservoir remaining cold. 

The cold water which supplies the place of that drawn off, does not at 
all cool that which is next to be drawn off, but gradually receives heat as it 
ascends. 

The reservoir bebg surrounded by nonconducting substances, and en« 
closed in a wooden case, preserves the water sutEcienlly hot for all purposes 
from the afternoon of one day to the forenoon of the next, when it is usually 
wanted^ without any application of steam in the interval. 

The whole being of iron, and there being no valve or cock, or any thing 
that moves, in or abont the apparatus itadf, it does not appear when and 
how it can be out of oider^ if well pat together* 

IT 
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use of this is to allow the excess of hot air to escape^ which 
the rooms ahove do not require^ or which would make them 
too hot. In this case the hot air is forced down the perpen* 
dicular funnel into the middle story. Without this outlet the 
current of cold air to the stove would be interrupted^ and 
the cockle would very soon become red-hot, which would 
not only injure the air, but very soon destroy the iron 
by oxydatioa. 
The second funnel has a similar entrance from this story, and 
terminates in the roof which is common to the upper turn- 
cap. This serves to dispose of the air which may be forced 
down the last mentioned funnel as well as for the complete, 
ventilation of the hall. 

At Ay a section of the perpendicular funnel is seen which 
brings the hot air from the stove below ; this terminates in 
the horizontal hot air flues in the upper story marked by 
dotted lines. 

^t Styyer or 9LX\it ^torg^ 



The great staircase leads from the middle story to the gal- 
lery G, G, G, G, which occupies three sides of the hall and 
communicates with the convalescent rooms and the sleeping 
rooms. The operation room separates the mens* sides from 
the womens\ The rooms 3, 4, 5, 6, 7, 8, and 9, on each 
side^ are similar in every respect ; these are for the reception 
of patients in various stages of accute diseases. In most 
other Infirmaries the want of this still retirement for patients 
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sttfl^ng Acute pain; is an cril which cannot he fiill j appre- 
ciated; but by witnessing the benefits of these apiartments. 

iJ9 is a small room containing a wooden dsteni lined with 
leaad^ with a steam pipe and a pipe for cold water opening 

intoit^ 

It is employed as a bath ; and can be used at pleasure as a 
cold or hot bath^ or even as a vapour bath. 

The bed-steads in the wards are of wrought iron, and 
with some advantages in their construction, particularly in 
that part where the sacking bottom is fastened to the iron 
frame. On each side of the longest sides of the frame, a: slip 
of iron is fastened by screws to the inside of the satqe, and 
the edges of the sacking held tight between the iron surfaces, 
in the manner of a common smithes vice. 

Several instances had occurred in which patients had of- 
fered much pain from not being capable of turning in>bed^ 
nor of being amoved by the nurses without giving gre^t pain. 
This induced W» Strutt, Esq; to contrive a bed capable of being 
tqmed by machinery into various positions, without giving 
pain to, and almost without the knowledge of the patient. This 
contrivance is explained ip^ Plate 7, Fig. 6, 7, and' 3. Fig. 
G^ is a side view of this bed ; g, g, h, h, the side bars to whkh 
the sacking bottom is attached* This is shown in the section. 
Fig. 8; a, a, b, b, the sacking. The ends of the bars are seen at 
g, h, and are joipedto tbe parts a, 0, /, ^. Fig f/ which^is 
the end view ; b is the point if£ ^usffeosiOn of the movable 
part b, a, f, e, c, which is attaiqhfsd to the! upright su^por^ 
tbrs P, m. It is moved by the toothed whJbei working in 
t|iJ& nek /, /; kis a catch' wt^h^ift. forced byia spring upon 
t^raehet teeth' taJieep tl|e retool i^n ariydesireAnfkMMtioh 
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The bed and the clothes are placed in the recess S^ I'SgJ^ 8, 
and the motion of die bed upon the centre b, in Figs. 6 and 
7p is to put the planCt Sf more or less out of its horicontal 
position. This bed has been yerj much approved, and doubt- 
less would be an acquisition to ererj similar establishment. 



Ci^e 88tattv eioinu 



The situation of these conyeniences will be obserred at 
number 7» 12, and 28, in Plate lo; but a more complete 
representation of them will be found in Plate 5. The supe- 
rioritj* of this water closet above all others, is in its 
preventing any smell, without the least care of the 
person using it. The person who enters it fills it with 
fresh air^ which is left behind on coming out. The 
manner in which this is ejected we shall now ex* 
plain by referring to Plate 5. Fig. I, is a plan of the 
water closet; E the entrance into the first part; D is 
a door attached to and turning upon the arbour £f ; jB is a 
bar of wood inserted into the same, and having the same 
radius with the door. By pushing against the door D, which 
from top to bottom fits the concave cylindric space, the 
air is driven before and escapes at the ceiling oter the 
seat S ; by this motion the door is brought up to the wooden 
division C, and the end of the bar B, is brought to the point 
p. O is a small closet made lor the purpose of reducing the 
space in front of the seat to what is sufficient room. When 
the person retuims he is is obliged to push the bar B, which 
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now is in the position H P, before him, till he brings it 
close against the other side of C. During the returning mo- 
tion one of the pannels of the door is made a valve, and 
opens inwards and lets in fresh air to supply the place of that 
driven out by entering the closet see P, Fig. 2. At one particu- 
lar point in returning, the arbour H gives motion to certain 
machinery which lets the water through the seat in the same 
manner as in the common water closet. Indeed the seat 
part of this is in every respect the same as those invented 
by Bramah, in which the water is made to flow by raising 
a leven The construction of this part is shown in Fig. 2. The 
harbour H by its motion carries round the wheel t, e, which 
in entering the closet does not act upon the lever /, but raises 
on its return and opens the valve v, which allows the water 
above to descend through the seat S. It will be seen by 
examining the wheel /, e^ which is better seen in the pers- 
pective sketch on the left, how it affects the lever on its 
return only. The part e, to a certain extent, towards /, is a 
steel spring which bends upwards, so that if the wheel be 
moving from t towards c, the part e will go over the pul- 
ley r, and when it gets to the protuberance at /, the lever t 
will be pulled down, the valve v raised, and the water will 
flow till the protuberance at t passes over. When the 
closet is entered, the opposite side of the wheel passes under 
the pulley r, and moving from / to c, the spring is bent down- 
wards and the lever L is not acted upon. 

The cylindrical cavity is formed of brick-work, and plas- 
tered inside. The plaster while wet is scraped by the door„ 
which gives it its proper cylindric shape. 
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THE earliest method employed by man for producing 
artificial heat, in climates where the natural heat was in- 
sufficient, must have been from fires made in the open air, 
as at present practised by savage nations. 

A current of heated air is by this means produced perpen- 
dicularly upwards^ and its place is instantly supplied by a 
lateral current of cold air in all directions towards the fire. 

The benefit derived from such fires^ is from the radiant heat 
only ; as the air by which it is surrounded must be nearly of 
the same temperature as if no fire existed ; and being con- 
stantly changed^ must have a cooling effect upon those 
standing round the fire ; much greater than if the air had 
remained undisturbed. 

Hence it is impracticable to be thoroughly warmed by 
such a fire, except by turning round, to expose the di^rent 
parts of the body in succession. 

The bad efiects of being exposed to such an inequality of 
temperature are well known to all who have occasionally 
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been exposed to fires in the open air. 

The first improvement which would suggest itself, would 
be to remedy the inconvenience of the lateral current bjr 
surrounding the fire with a wall of the best materials they 
could procure ; and the next stage of advancement would 
be to make a roof, leaving the smoke to escape at the com- 
mon entrance, or at an opening in the middle of the roof 
over the fire. 

This improvement would not consist merely in preventing 
the lateral current of cold air, tending to rush in on evcrjr 
side. The surrounding wall would become heated by the 
fays from the fire^ and, in tonseq;u€nce, wouki itraqfCf ?the 
fane heat to radiate back, towards the fire. Still the stunei^pf^ 
would prevail, which we^ even in the present timesi, expwi^ 
ence, namely the current of cold aic^ tt'hiicb' :f»u^ of jaooeSf* 
sity ;be ^supplied for the cottbustton of the f«6l. r 

^e invention of the grate and thechifkmey ^ema fi^bf^ 
the only improvement -which has been nade to ,thi$i;Vii4fl 
maniier of artificial warmings We are stUl wartaiedi -. fpfimpi- 
pally by the tadient heat from the burmng iriateiiala^ wilila 
wt atr cooled by the current of cold air, wjiich 'Oiust iieo«h 
Mrily come to the fire, as fire-placet are at pjpesent tonsfnict* 
ed« tf the cold eurrent : could. be: obviated, which in iHMDa 
instances has been effected, still the part ezi{>osed 'tbr.iA^ 
radiant heat must be so difierently afiected, to that on the 
Opposite side, as materially to afieet the health of ibo«afe][f» 
posed ; and such effects can be only imperfetily obvifttedibjf 
additional clothing, or by making rooms sd^ closfeabixt be- 
come unhealthy in other reqieota, antt ait tfaejaame. iisie jMWf 
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vent the fire from burning. 

It will be admitted by all in the least acquainted with the 
human economy, that when we require artificial heat, it 
should be applied in the most equable manner, and not in 
the way we receive it from a common fire. 

There is no means of doing this effectually but by our being 
surrounded by a medium of uniform temperature ; and what 
can be so proper as the air we breath? We ought to have 
the benefit of its temperature and its oxygen at the same time, 
and then it should be changed to give place to fresh air, 
supplying additional heat and oxygen.* 

When after being exposed to cold, we enter a room, the 
air of which is moderately and uniformly warmed, all parts 
of the body become equally affected by it ; and in all proba- 
bility, if we could always be so accommodated, those afiec- 
tions called colds, so common in this country, would seldom 
occur. 

* It maj appear absurd to say, that no hot-blooded animal immediately 
receives heat from the air at the ordinary temperature, nor even in the hottest 
season of the year. This apparent anomaly, however, will soon vanish when 
we recollect, that the air, even nnder a vertical sun, is seldom, if ever, equal 
totfae temperature of animal heat ; and at the same time, taking another 
fact along with it, namely, that a body never gives heat to another of a 
greater temperature than its own. 

The heat of animals is derived from their own economy, independently of 
surrounding bodies, it is to the relative rates at which their native heat is 
separated from them by the surrounding air that we owe our sensations 
of heat and cold* In the process of life, animals seem to appropriate the 
latent heat of the air, and to give it back to the atmosphere in the state of 
sensible heat, as may be observed in every crowded room. 
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It i« wonderful that so many inconTeniences resultinj^ from 
our present method of warming rooms, should not have call- 
ed forth greater improvements- In all situations where htimaiii: 
brlngfl are exposed for a length of time, without exercise, 
they iihould be surrounded by air at a temperature not less 
than (Jo\ In every dwelling house properly constructed, 
thif object may be attained with less expense than the com- 
mon method of warming rooms, setting aside the great ad- 
vantage of being exposed to an equable temperature, and 
avoiding the bad effects of the radiant heat of open fires. 

Oor being constantly surrounded by air, makes it difficult 
to conceive how we should be affected without it, supposing 
it unnecessary as a medium for respiration. 

When we are surrounded with air which is not irt motion, 
its little tendency to conduct heat, keeps us warm by our 
natural heat being accumulated. But when exposed- to ait in 
motion, it becomes the means of carrying off'our heat, aS' we 
experience by the refreshing breezes in summer, 

TThe pleasurable feeling we experience in a temperature of 
about 00** with a moderate breeze of fresh air, is during that 
uniform abstraction of native heat, which leaves no sensation 
of heat or cold. This temperature will vary with different 
people, and with the quantity and nature of our clothing. 

If we were surrounded by a much denser fluid than air, 
we should experience much greater inconvenience by change 
of temperature. In the air, we can bear to be exposed, for 
some time, to a degree of cold which would congeal mer- 
cury, as is experienced by the inhabitants of high latitudes 
in winter. 
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And we have many facts on record which shew, that life 
may be supported, for some time, ih a temperature above 
that of boiling waten To be surrounded with water at 32« 
would be intolerable ; even at 80 degrees it feels so cold as 
to give a shock on plunging into it. On the other hand, 
when it gets above loo° it becomes unpleasantly warm, and 
life would soon be destroyed in water at 120\ 

This arises from the water being so much better a conduc- 
toi: of heat than the air. If exposed to mercury, which is a 
better conductor of heat than water, we should find the 
range of temperature, that we could bear, much more 
limited. 

Hence it appears, that the air is almost as essential to us 
in producing equalization of temperature, as it is for respira- 
tion* In the middle of the day, when we should be much 
annoyed by the radiant heat of the sun, the air and moisture 
diffuses the temperature through the atmosphere. This heat is 
returned to us during the night, to supply that which is ra- 
diated from the earth into space. If the earth were a better 
conductor of heat, equal, for instance, to that of metal, the 
excesses of heat and cold at different times would be obviated. 
The earth, as a reservoir of heat, contributes greatly to this 
effect, absorbing the excess accumulated during the day, and 
giving it back in the night. Independently of this, we owe 
very much to the equalizing agency of the atmosphere. Dur- 
ing the night, when no radiant heat comes from the sun, 
but on the contrary, is radiated from the earth, every 
i^bstance, in proportion as it is detached from the earth, 
would have its warmth carried off^ by radiation, faster than it^ 
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could recover it from the earth ; as is the case with most 
slender vegetables^ such as blades of grass : they are fre- 
quently covered with ice^ while bodies more connected with 
the earth, have liot been as low as the freezing point by 
many degrees. It will also be found that a brisk wiqd has 
a similar efiect in restoring the heat which bodies lose by 
radiation in the night. — See Dr. fFells^ on Dew. 

Hence we see that the most effectual means of applying 
external heat to animals and vegetables, for the purpose of 
keeping up their natural temperature, is by making the air 
the vehicle of the heat, and more especially for animals ; 
since the same change of air is essential to them as a 
respirable medium also. 

In polar climates, where the temperature of the air 
is sometimes as low as SO"" below the freezing point of 
water, it. would be of particular importance to warm 
apartments by heated air ; but from what has been ob- 
served in a former part of this work, advantage may be 
taken of the earth's temperature, for this purpose. 

At a very little depth below the surface of the earth, in all 
countries, the earth is of the average temperature of the 
climate, as may be ascertained by the temperature of springs. 
It will hence appear, that if the air which is requisite to 
supply a house in the winter of cold countries, were made 
to pass along a subterraneous cavity, it would become con- 
siderably warmed. It has been found by experiment^ that a 
passage of two hundred feet in length, has had the efiect of 
warming the air of the atmosphete passing through it^ to 
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much above the arithmetical mean betwe^i the outer air 
and that of the earth. Such a provision^ aided bj the power 
of two turncaps, as we have shown in another part of this 
work^ would be the means of increasing the comfort of 
dwellings, in countries where severe and long winters are 
experienced. The same advantages would apply to the 
cooling of apartments in hot countries. The air, which is 
sometimes heated to i oo'' might easily be cooled down to 
so"" by passing through a tunnel at a considerable depth* 

For this purpose it would be necessary to use other means 
besides the turncaps, to induce a strong current through 
the building. The doors and windows should be closed ; 
the cold air tunnel should communicate with the lowest 
story, and the air made to pass through all the rooms, the 
inlets being at the bottom of the rooms, and the outlets in 
the ceiling, through which the air should pass into the roofw 
The roof should be formed of metal, such as sheet copper^ 
and be japaned black. The turncap here should be placed at 
the top of a shaft or column about ten feet higher than the 
house, with a vane to keep its mouth to leeward. The outer 
turncap should not be elevated higher than would be neces* 
saiy to insure the action of the wind upon it, and its mouth 
should be exposed to the wind. 

The Pauper Lunatic Asylum, at Wakefield, not being 
finished till the body of this work was printed, it may be 
proper, here, to say something slightly descriptive of that 
establishment. This will not only tend to confirm the 
practicability of what has been detailed respecting the Derby- 
shire General Infirmary, but it will abuindantly show the 
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progressive improvement we may expect^ as these uselifl 
inventions become more extended. 

This building is in the form of the capital letter H a little 
shortened, the galleries running the whole length of each 
line^ in three directions^ from the intersecting points, the 
bed rooms being contiguous, and opening into the same* 
These galleries are ten feet wide, and each bed room is seven 
and a half by six and a half feet. The two principal stair-* 
cases are in the intersections of the galleries, and are coil* 
tained in a cylindrical space, with a single entrance at the 
landing, to each story, by which they are completely detach«* 
ed from the galleries^ 

The building consists of three stories ; and the separation 
of the male from the female division, is in the middle of the 
long gallery which unites the two sides of the H. Under 
each of the staircases, and the middle part of the . building, 
there is a cellar story, in which the steam boiler and one of 
the stoves are placed. 

The stoves are fixed directly under the principal staircases, 
that on the male side being twenty-five feet below the base- 
ment story, the other twelve feet below the same. 

Two cold air flues are brought from the external air, di- 
rectly to the level on which the stoves are placed. The 
entrances to these flues on the outside, are from two round 
towers in the walls of the airing grounds. On the top of 
each tower, is a turncap similar to that already described, 
by which the air is always forced into the flue with the ve*» 
locity of the wind. 

After the air has passed through the stove, in the way ex* 



APPENDIX. 59 

plained in the former part of this work, it passes from the 
air chamber horizontally to perpendicular flues in the wall 
which surrounds the staircase. These flues are distinct for 
each story, and have outlets on all sides of the circular walJ, 
from which the warm air is supplied with such velocity as 
to pervade the whole extent of each gallery. 

There are openings from the galleries over each door of the 
bed rooms, by which the latter are kept at the uniform 
temperature of the galleries. From the bottom of each bed 
room rises a perpendicular flue, which terminates in 
the roof of the building. There are two openings into 
each of these flues, one at the bottom of the room, and the 
other at the ceiling, the former is for the outlet in thewinter 
season ; the latter, with a view to promote an increased ven- 
tilation, is kept open during the summer; the air then 
escapes at a turncap in the roof, similar to that at the Derby- 
shire General Infirmary. To give some idea of the merits 
of this system of ventilation, the following particulars are 
stated : When the stoves are in full action, the air, on the 
average, moves with the velocity of five feet in a second; 
the area of each of the main flues is twelve feet, which 
gives 120 cubic feet, the quantity which passes through 
the whole house in every second. Supposing the whole 
cubic content to be 4 00,000 cubic feet, the whole of the air 
will be changed in a little less than every hour. 

In the summer season, when there is no fire in the stoves, 
the ventilation goes on through the very same channels as in 
winter. The outlets at the ceiling are now opened, and 
this, with the assistance ot the turncap, will at all times 
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insure a perfect yentilation. The air being cooled to a oer^ 
tain degree, by its passage through the cold air flue. 

Much manual labour is saved in this establishment bj a 
steam engine of two horse power, erected by Messrs. Fenton, 
Murray, and Wood, of Leeds. It is employed for pumpnig^ 
the water, and performs the labour of washing, and aian-* 
gling linen. The steam boiler is of much larger size than 
is required for the engine, in order to supply the kitchen, and 
baths, and to heat water in different parts of the building. 

The male and female departments have each a separate 
kitchen of the same size, and fitted up similarly. 

In each there is a steaming table, two roasters, and 
two soup boilers, heated by steam. In the scullery ift 
a hot water vessel, on the improved plan, as seen in 
plate IV, figure 2, and described in page 43. These vea-» 
sels are constantly full of water, which is heated by steam 
during the day, when the boiler is used for other purposes. 
And the temperature of the water is so preserved as to be sufi» 
ficiently hot every morning. The steam condensed in this 
process produces a considerable quantity of distilled water> 
which is found a great convenience. 

The wash house is doubtless the most complete at present 
known ; its only defect is that of being too small. A wash* 
ing machine is on the same principle with that already des-» 
cribed, with some improvements. It is turned by the steami 
engine, and may be said to perform 9-ioths. of the labour 
of washing. 

A spacious rain water tank is contiguous to the wash 
house^ from which an elevated cistern is supplied^ and con.^ 
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stantly kept fiill, by a small pump, fixed under the floor, 
and worked by the same shaft which turns the washing 
machine. A hot water vessel is connected with the above 
rain water cistern, similar to those in the sculleries. Pipes 
are carried from these vessels, and terminate in a set of stop 
cocks, arranged over a stone bench on which the wash tubs 
stand. ITiese tubs can therefore be supplied with any pro- 
portion of hot or cold water, without the operation of lading, 
and the same can be discharged by a moveable plug in the 
bottom of each tub. 

In the middle of the wash house is placed a large vessel, 
in which the linen is boiled by steam. During this opera- 
tion, the vessel is made close by a copper cover suspended 
over it, and counterpoised so as to be easily moved up and 
down by the hand. 

Since the time the wash house of the Derbyshire General 
Infirmary was fitted up, William Strutt, Esq. has ^invented 
a machine to discharge the water from wet linen, in a man- 
ner very superior to the common mode of wringing. The 
linen is placed in a square bag of strong sacking, kept open 
by wire rings ; this bag is contained in a cast iron box, 
which opens on one side to admit the linen, and then closes 
firmly. The interior surface of the box is grooved to receive 
the water when pressed out. The pressure is applied by means 
of a sliding plate which fits the box, and is forced against 
the end of the bag by a rack and pinion, and turned by a 
winch. The sides of the box prevent the bag from becom- 
ing wider ; the pressure applied has therefore the effect of 
shortening the bag, till all the water is pressed out into the 

R 
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grooves. By this machine the clothes are squeezed much 
drier, than by the common metibod, and the pressure upon 
all parts being uniform, less injury is done to the texture of 
the linen. 

The laundry is similar to that at the Derbyshire General 
Infirmary, with the addition of machinery for turning the 
mangle, by which much labour is saved* A separate hot 
closet is here fitted up with two sliding horses, similar to 
those in the laundry of the Derbyshire General Infirmary, 
employed solely for the purpose of drying and airing beds. 

A particular description of this establishment, with plans 
and sections of the building, is now publishing by Vix. 
Pritchett, of York. 
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